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ENGLISH POPULATIONS. 
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A STUDY OP SOKE O E m i C A L L ? DETEHMIITED PKATOEES I N 
SWCTISH, SPANISH ATS NORTH ENGLISH POPULATIOirS. 
Juan J . PemAnaei ABSTRACT 
A s u r r e y has been conducted with the a s s l e t a n e e of the 
reflftctophotometric technlpuee w i t h i n the populations of 
three d i f f e r e n t countriee - Sweden, Spain and Bngland -
i n order to study the pigmentary d i f f e r e n c e s between and 
w i t h i n them, and to what extent they obey to e n r i r o n a e n t a l 
i n s t e a d of genetic d i v e r s i t y . 
I n order to i l l u s t r a t e the d i f f e r e n c e s between accu- • 
r a t e l y determining the colour of a s k i n and looking a t 
i t s adaptive r o l e , a detailed exposition of the p h y s i c s of 
colour has been undertaken i n the introductory chapter. 
I n r e c o g n i t i o n of the the e f f e c t s of human behaviour 
and the p h y s i c a l m i l i e u i n moulding the phenotypical 
m a n i f e s t a t i o n s of the g e n e t i c a l s t r u c t u r e of a popula-
t i o n , e x t e n s i v e information was gathered about the e t h n i c 
o r i g i n s o f ceople and about t h e i r l e i s u r e and working 
h a b i t s . That information - together with other about non-
cutaneous plgmectetion, s t a t u r e , blood groups and t h e i r 
r e f l e c t a n c e readings - was c o d i f i e d and transformed into 
v a r i a b l e s , i n order to study t h e i r a s s o c i a t l o n a ( i f any) 
with each other 
That task has been undertaken i n chapters I I I to V I I , 
where the combined e f f e c t of the behavioural v a r i a b l e s was 
i n c e r t a i n cases found capable of explaining as much as 
55 % of the I n t e r n a l v a r i a b i l i t y . Some s i g n i f i c a n t d i f f e r -
ences were a l s o found to p a r a l l e l c l i m a t i c f a c t o r s such as 
i n s o l a t i o n and p r e c i p i t a t i o n . I n chapter 711 a number of 
s i g n i f i c a n t eesociationB were found between pigmentation, 
blood groups and s t a t u r e - and were attempted to be put 
i n r e l a t i o n with c e r t a i n r a c i a l s t r a i n s . 
Chapter V I I I c o n s t i t u t e s an enquiry into the s u b j e c t of 
mating preferences and i t s p o t e n t i a l e f f e c t on the genetic 
s t r u c t u r e of the populations under study. The author's 
samples have,, i r the l a s t chapter,.been compared to other 
Caucasoid populatione, a r r i v i n g to the conclusion t h a t a 
non-negligible part of the d i f f e r e n c e s i s probably due to 
p l a i n Instrumental e r r o r . 
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G e n e r a l r e m a r k s . 
I n o r d e r t o a v o i d u n n e c e s s a r y u j o r r y i n g about t h e 
c o r r e c t t r a n s c r i p t i o n oF t o p o n i m i c d e s i g n a t i o n s i n t o 
E n g l i s h and, above a l l , t o bypass t h e u s u a l c l u m s i n e s s 
o f t r a n s c r i p t i o n s i n t o f o r e i g n l a n g u a g e s , names o f 
p l a c e s u / i l l be used i n t h e i r o r i g i n a l f o r m i n t h i s u/ork. 
An e x c e p t i o n u j i l l be made i n t h e case o f t h e names o f 
c o u n t r i e s . Some o f t h e s e f o r m s c a n , hoiueuer, r e s u l t un-
f a m i l i a r t o t h e E n g l i s h r e a d e r , f o r w h i c h r e a s o n t h e s e 
p r e s e n t i n g t h e m a x i m a l d i f f i c u l t i e s w i l l be l i s t e d belouj 
i n t h e i r v e r n a c u l a r and E n g l i s h v e r s i o n s . F i g u r e U I I . I -
2 (page 286) shows Hoyos' d i v i s i o n o f Sp a i n i n a n t h r o p o -
d e m o g r a p h i c r e g i o n s ( l 9 5 2 ) , and maps o f t h e t h r e e l a n d s 
s u b d i v i d e d by p r o v i n c e s a r e i n c l u d e d i n page 252. 
Suieden 
N o r r l a n d ( l i t . , " N o r t h e r n L a n d " ) : i n c l u d e s a l l 
p r o v i n c e s n o r t h o f O a l a r n a and U p p l a n d . 
SkSne ( = S c a n i a ) : t h e s o u t h e r n m o s t p r o v i n c e oF 
Su/eden. 
D a l a r n a ( = D a l e c a r l i a ) : t h e n o r t h e r n m o s t 
p r o v i n c e o f c e n t r a l Sweden. 
G o t a l a n d ( a n c i e n t G o t h i a o f 3 o r d a n e s ; t h e home-
l a n d o f t h e G a u t s o r Goths - l a t e r G b t a r ) . 
I n c l u d e s a l l p r o v i n c e s s o u t h o f D a l s l a n d , 
U a s t e r g b t l a n d and O s t e r g o t l a n d (;m<:l.i . 
S u e a l a n d ( t h e S u i i o r i c e o f t h e B e o i u u l f s a g s ; . 
a n c i e n t h o m e l a n d o f t h e Suehans o f Oordanes 
o r t h e S u i o n e s o f T a c i t u s - l a t e r S v e a r ) . 
I n c l u d e s a l l p r o v i n c e s betuieen N o r r l a n d and 
G o t a l a n d . 
S p a i n 
C a s t i l l a l a Nueva ( l i t . , Hew C a s t i l e ) : i n c l u d e s 
M a d r i d , T o l e d o , C i u d a d R e a l , Cuenca and Gua-
d a l a j a r a . 
Cas£illa l a U i e j a ( l i t . . D i d C a s t i l e ) : i n c l u d e s 
a d m i n i s t r a t i v e l y S a n t a n d e r , B u r g o s , L o g r o n o , 
S o r i a , S e g o v i a and A v i l a - b u t g e o g r a p h i c a l l y 
and a n t h r o p o l o g i c a l l y , S a n t a n d e r b e l o n g s t o 
t h e n o r t h e r n s e a b o a r d . 
C a n t a b r i a : S a n t a n d e r and A s t u r i a , m a i n l y . I n Ho-
y o s ' d i v i s i o n ( 1 9 5 2 ) i t e x t e n d s as w e l l a l o n g 
t h e e a s t e r n h i g h l a n d s o f G a l i c i a , 
The Basque C o u n t r y : h e r e meant t o c o m p r i s e V/as-
c o n g a d a s ( U i z c a y a , Guipi3zcoa and A l a v a ) and 
N a v a r r a . 
U a s c o n i a ; a c c o r d i n g t o Hoyos, t h e a n t h r o p o l o g i c a l 
h e a r t o f t h e Basque c o u n t r y . I t i n c l u d e s C u i -
p f l z c o a , U i z c a y a , t h e n o r t h e r n p a r t o f A l a v a and 
t h e h i g h l a n d s o f N a v a r r a , However, u n l e s s o t h e r -
w i s e i s s p e c i f i e d , b o t h t e r m s w i l l be used as 
i n t e r c h a n g e a b l e . 
La M a n c h a : t h B l a n d o f Don Q u i j o t e . I t c o m p r i s e s 
t h e l o w l a n d s i n t h e s o u t h e a s t e r n c o r n e r o f 
Neo C a s t i l e and p a r t o f A l b a c e t e . 
La R i o j a : a n o t h e r n a t u r a l r e g i o n , c e n t e r e d a r o u n d 
t h e c i t y o f L o g r o n o i n t h e p r o v i n c e o f t h e 
same name. 
L e u a n t e : p a r t o f t h e e a s t e r n s e a b o a r d . I t c o r r e s -
p o n d s t o t h e p r o v i n c e s o f C a s t e l l i J n , V a l e n c i a , 
A l i c a n t e and M u r c i a . 
C a s t i l l a ( C a s t i l e ) : b o t h C a s t i l e s t o g e t h e r . 
An i m p o r t a n t d i s t i n c t i o n must be made betujeen t h r e e 
d i f f e r e n t a c c e p t a t i o n s o f t h e t e r m ' C a n t a b r i a n ' . The 
C a n t a b r i a n c o a s t i s t h e s e a b o a r d f a c i n g t h e C a n t a b r i a n 
Sea - t h e uihole n o r t h e r n c o a s t . The a f o r e m e n t i o n e d an-
t h r o p o - d e m o g r a p h i c r e g i o n , C a n t a b r i a , l u i t h o u t a d m i n i s -
t r a t i v e c o u n t e r p a r t , i s b e s t i l l u s t r a t e d i n f i g u r e U I I 
,1-2. By t h e name o f C a n t a b r i ( C a n t a b r i a n s ) , t h e most 
p o i u e r f u l among t h e a n c i e n t i n h a b i t a n t s o f t h e p r o v i n c e 
of S a n t a n d e r were known t o t h e Romans, 
The t e r m C r o m a g n o i d w i l l come a c r o s s i n a c o u p l e o f 
c h a p t e r s . S i n c e i t has been used i n somewhat d i f f e r e n t 
ways by a number o f i n v e s t i g a t o r s , a c l a r i f y i n g r emark 
has been c o n s i d e r i B d necessary.. The word i s used h e r e t o 
d e s i g n a t e a l l t h o s e Upper P a l a e o l i t h i c f o r m s i n most 
c h a r a c t e r s r e s s e m b l i n g t h e s o - c a l l e d "Old Man o f Cro-
m a g n o n ' c l e a r l y more t h a n any o t h e r f o r m . As most common 
t r a i t s may be named t h e p o s s e s s i o n o f b i g and r o b u s t 
c r a n i a d i s p l a y i n g c r a n i o - f a c i a l d i s h a r m o n y ( s h o r t and 
b r o a d f a c e s a l l i e d t o l o n g , n a r r o w s k u l l s ) and f a c i a l 
d i s h a r m o n y ( s h o r t , u p p e r f a c e combined w i t h l o n g s u b-
n a s a l f a c e ) , t o g e t h e r w i t h v e r t i c a l , n o n - c u r v e d f o r e -
heads and w e l l m a r k e d b r o w r i d g e s ; t h e n a s a l bones a r e 
p r o m i n e n t and t h e n a s a l o p e n i n g i s n o r m a l l y o f medium 
s i z e ; low and b r o a d , r e c t a n g u l a r o r b i t s ; r a t h e r f l a t 
s k u l l v a u l t s , f l a r i n g zygomata and b r o a d , s q u a r i s h 
j a w s , w i t h a b s o l u t e l y g r e a t b i z y g o m a t i c and b i g o n i c 
d i a m e t e r s ; m a s s i v e s k e l e t o n s , w i t h b r o a d s h o u l d e r s and 
p o w e r f u l m u s c u l a r i m p r e s s i o n s - o f t e n a l l i e d t o t a l l 
s t a t u r e . T h i s d e s c r i p t i o n e x c l u d e s t h e Combe-Capelle 
and ' f ' e g r o i d ' G r i m a l d i f o r m s and some o f the c e n t r a l 
European Upper P a l a e o l i t h i c f i n d s . 
T a b l e s d e s i g n a t e d i n t h e t e x t by a c a p i t a l l e t t e r 
and a number a r e t o be f o u n d i n t h e a p p e n d i x headed by 
t h e c o r r e s p o n d i n g l e t t e r ; t h e r e s t a r e i n c o r p o r a t e d 
w i t h i n t h e t e x t ( a t t h e end o f a s e c t i o n when t h e y a r e 
t o o m a n y ) . 
For t h e sake o f s i m p l i c i t y , t h e v i o l e t - b l u e r e g i o n 
(up t o a p p r o x i m a t e l y 500 nm), t h e g r e e n - y e l l o w r e g i o n 
(500 t o 590 nm) and t h e o r a n g e - r e d r e g i o n (590 nm and 
b e y o n d ) l u i l l be r e f e r r e d t o i n t h e t e x t as t h e b l u e , 
g r e e n and r e d r e g i o n s r e s p e c t i v e l y . 
CHAPTER I 
1,1. The P h y s i c s and measurement o f c o l o u r . 
V i s i b l e l i g h t ( U L ) c o n s t i t u t e s o n l y a m i n u t e 
p o r t i o n o f t h e e l e c t r o m a g n e t i c s p e c t r u m c a p a b l e o f 
i m p r e s s i n g t h e p a r t o f t h e n e r v o u s system w h i c h i s 
l i n k e d t o v i s i o n and w h i c h , f o r t h e a v e r a g e human 
e y e , e x t e n d s between w a v e l e n g t h s o f r o u g h l y 380 and 
770 nm. A l t h o u g h we do need n o t h e r e be c o n c e r n e d 
w i t h t h e r e s t o f t h e s p e c t r u m , t h e whole o f i t has 
been r e p r o d u c e d i n f i g u r e 1,1-1 f o r p u r p o s e s o f 
c o m p a r i s o n . 
P h y s i c a l l y , l i g h t i s n o t h i n g more t h a n m a g n e t i c 
and e l e c t r i c e f f e c t s t r a v e l l i n g i n a common d i r e c -
t i o n . Energy i s s t o r e d i n i t s m a g n e t i c and e l e c t r i c 
f i e l d s . B e f o r e p r o c e e d i n g any f u r t h e r , t h r e e i m p o r -
t a n t f a c t s , o f r e l e v a n c e f o r p u r p o s e s o f c o l o r i m e t r y , 
must be i n t r o d u c e d w h i l s t t h e p e r t i n e n t p h y s i c a l 
n o t i o n s w i l l be i n d i c a t e d i n more d e t a i l e l s e w h e r e , 
1) S i n c e e n e r g y i s a s s o c i a t e d w i t h each wave, t h e 
r e l a t i v e amounts o f i t a t t a c h e d t o t h e w a v e l e n g t h s 
i n a r a y o f l i g h t d e f i n e t h e s p e c t r a l s t r u c t u r e 
o f t h i s l i g h t , i t s e n e r g y d i s t r i b u t i o n w h i c h i s a 
f u n c t i o n o f t h e w a v e l e n g t h X, P = f ( x ) , 
2) Not a l l w a v e l e n g t h s a r e e q u a l l y e f f i c i e n t i n p r o -
d u c i n g l i g h t . F i g u r e 1,1-2 shows i n t h e f u n c t i o n 
o f w a v e l e n g t h ( a b s c i s s a s ) t h e l u m i n o u s f l u x ( o r -
d i n a t e s ) p r o d u c e d by one w a t t o f m o n o c h r o m a t i c 
r a d i a t i o n . T h i s c u r v e , u s u a l l y p r e s e n t e d i n p e r -
c e n t u a l f o r m , V/,^  , d e f i n e s t h e r e l a t i v e c o n t r i b u -
t i o n s w h i c h each w a v e l e n g t h makes i n an e q u a l -
e n e r g y s p e c t r u m t o t h e t o t a l l i g h t f l u x , 
3) The s t r u c t u r e o f a l i g h t beam can t h e n be d e f i n e d 
by g i v i n g any o f two s p e c t r a : e i t h e r t h e r a d i a n t 
e n e r g y d i s t r i b u t i o n , m o n o c h r o m a t i c r a d i a n t f l u x , 
or i t s l u m i n o u s d i s t r i b u t i o n , m o n o c h r o m a t i c l u m i -
nous f l u x . The second c u r v e i s s i m p l y t h e p r o d u c t 
o f t h e r a d i a n t f l u x c u r v e by k .M-. -where k„ r e -
^ m m 
s t o r e s t o i t s a b s o l u t e d i m e n s i o n , s i n c e i t 
r y r In/Mr 
1 0 » 
1 0 « 
1 0 * 
1 0 * 
1 0 
I I iO' 
1 0 ' * 
I 0 ' » 
lo' 
1 0 * 
1 0 * 
1 0 * 
1 0 * 
1 0 * 
- 1 0 * 
- 1 0 « 
1 
1 0 * 
1 0 * 
1 0 - • 
1 0 * 
1 0 - » • 
1 0 - « * 
1 0 - ' * 
1 0 - ' * 
1 0 - " 
H i o -
H i o -
1 0 - ' 
- 1 0 - * 
1 0 * 
1 0 * 
I 
1 0 * 
1 0 * 
1 0 * 
1 0 * 
1 0 " 
1 0 
M i c r o w a v e . , rmimr 
k f r a r « l 
I VWbIc li|[fat -
in<n«tol<t 
a 
*M 6 . 6 0 0 
O r . o « . 6k 1 0 0 
VcUo. S . 8 0 0 
C m . S . 2 0 0 
N M 4 . 7 0 0 
V M d 4 , 1 0 0 
P i g . 1.1-1. The electromagnetic Bpectrum. A l l a c e l e s a re loga-










F i g . 1.1-2. B e l a t i v e luminosity curree f o r the etandard obser-
T e r : acotoplc ( v ; ) , under subdued l i g h t i n g , and pbotopic ( V K ) . 
under good l i g h t i n g c o n d i t i o n s , v; correBponds to rod r i a i o n , 
aa measured i n the e x t r a - f o r e a l area of the r e t i n a l V,^  c o r r e s -
ponds to cone T i s i o n , as measured at high I n t e n s i t i e s a t the 
foTea. ( A f t e r Wright, 1964). 
c o r r e s p o n d s t o t h e l u m i n o u s e f f i c i e n c y o f t h e 
m o n o c h r o m a t i c r a d i a t i o n f o r w h i c h \J-^ i s a t a 
maximum ( w h i c h o c c u r s a t X =0. 555 p, t h e wave-
l e n g t h a t w h i c h cones - i n t h e f o v e a - have t h e i r 
maximum s e n s i t i v i t y ) . 
The l i g h t w h i c h r e a c h e s a body i s w h i t e d u r i n g 
( 1") 
d a y t i m e and i t i s i d e a l l y ^ ' a w e l l b a l a n c e d com-
p o s i t i o n o f a l l w a v e l e n g t h s o f v i s i b l e l i g h t coming 
f r o m t h e s u n , a s o - c a l l e d e q u a l e n e r g y s t i m u l u s . 
When t h a t l i g h t i m p i n g e s on a body's s u r f a c e e v e r y 
i n d i v i d u a l w a v e l e n g t h i s r e f l e c t e d o r t r a n s m i t t e d 
a c c o r d i n g t o some d i s t i n c t i v e r e f l e c t i o n o r t r a n s -
m i s s i o n f a c t o r w h i c h i s n o t c o n s t a n t a l l t h r o u g h o u t 
t h e s p e c t r u m , b u t w h i c h depends on t h e m a g n i t u d e 
o f X, The r e s u l t o f t h i s s e l e c t i v e r e f l e c t i o n / t r a n s -
m i s s i o n i s l o s s o f b a l a n c e , t h e l i g h t l e a v i n g t h e 
( 2) 
s u r f a c e ^ i s no l o n g e r w h i t e . I t s c o l o u r i s t h e 
r e s u l t o f t h e i n t e g r a t i o n i n t o a whole o f a l l wave-
l e n g t h s o f UL d e p a r t i n g t h e s u r f a c e . I n o t h e r w o r d s , 
a body a b s o r b s most o f t h o s e w a v e l e n g t h s w h i c h a r e 
t h e l e a s t r e p r e s e n t e d i n i t s c o l o u r . '^What we see t h e n 
i s t h e complement o f what has been a b s o r b e d . 
Once e s t a b l i s h e d t h a t each c o l o u r can be r e p r e -
s e n t e d by a p a r t i c u l a r e n e r g y d i s t r i b u t i o n c u r v e , 
t h e i d e a comes n a t u r a l l y t h a t i t s h o u l d be p o s s i b l e 
t o decompose a l l e x i s t i n g c o l o u r s i r i t o t h e same s e t 
o f s t a n d a r d s t i m u l i ( p r i m a r i e s ) , i n such a way t h a t 
( 1 ) I n p r a c t i c e , however, e x p e r i m e n t s on c o l o u r m i x -
t u r e r e v e a l t h a t t h e s e n s a t i o n o f w h i t e n e s s i s 
n e i t h e r e x c l u s i v e l y n o r n o r m a l l y a s s o c i a t e d w i t h 
. such a u n i q u e c o m b i n a t i o n , as e x a m i n a t i o n o f t h e 
e n e r g y d i s t r i b u t i o n s o f t h r e e t y p i c a l s o u r c e s o f 
w h i t e l i g h t can a t t e s t ( f i g . 1 . 1 - 3 ) , 
( 2 ) N o t a l l l i g h t r e f l e c t e d by a body a c t u a l l y comes 
f r o m i t s s u r f a c e , A s m a l l p a r t o f t h e l i g h t r e f r a c -
t e d i n t o i t c a n , due t o f u r t h e r r e f r a c t i o n i n s i d e , 
be r e d i r e c t e d b a c k w a r d and u l t i m a t e l y escape t h r o u g h 
b r o a d l y t h e same a r e a as i t j u s t t r a v e l l e d a c r o s s . 
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P i g . 1.1-3. R e l a t i v e s p e c t r a l i r r a d i a n c e s from standard sources 
A, E, and C. Source A i s t y p i c a l of the g a s - f i l l e d incandescent 
lamp) source B, of noon s u n l i g h t : and source C, of average day 
l i g h t . ( A f t e r Judd and Wysceiki, 1952). 
q u a n t i t i e s , q ^ ( > . ) , o f each p r i m a r y , f ^ ( > v ) , r e q u i r e d . 
t o m a t c h l i g h t ( C ) by a d d i n g t o g e t h e r t h e s t a n d a r d 
s t i m u l i ( f i g . 1 . 1 - 4 ) , Where,- by u s i n g t h e n o t a t i o n 
q^Cx) and f ^ ( x ) , i t i s meant t h a t t h e e n e r g y d i s t r i -
b u t i o n c u r v e f o r e a c h p r i m a r y , i , and t h e 'amount o f 
s t i m u l u s ' r e q u i r e d v a r y - lue presume so f a r - l u i t h 
b o t h component and l u a v e l e n g t h . 
A l t h o u g h t h e number o f p r i m a r i e s s h o u l d have t o 
be i n f i n i t e , i f t h e y luere t o be combined a d d i t i v e l y , 
t h r e e c o n v e n i e n t l y c h o s e n s t i m u l i can - as i t u i i l l 
be seen - i n t i m e - r e p r o d u c e most r e a l c o l o u r s . For 
c o n v e n i e n c e t h e s t a n d a r d s t i m u l i a r e so e l e c t e d t h a t 
t h e i r l u m i n o u s f l u x e s t o g e t h e r add up t o t h a t o f an 
e q u a l - e n e r g y s p e c t r u m , and f r o m t h e r e i t i s a m a t t e r 
o f s i m p l e p r o p o r t i o n a l i t y t o p r o v e t h a t q ^ ( x ) = P , I n 
p r a c t i c e t h e e n e r g y d i s t r i b u t i o n s o f t h e t h r e e s t i m u l i 
a r e so c h o s e n t h a t t h e c h r o m a t i c s e n s a t i o n s t h e y 
c o n v e y a r e r e d , g r e e n and b l u e r e s p e c t i v e l y . The 
q u a l i t y o f t h e i r c o l o u r s i s r e p r e s e n t e d as 'R', 
'G' and 'B'. 
(0) 
W ^ . t l ^ n { • . ^ 
W . v r l e n j t h 
O-TOfi 
CO 
Wirrlrni t l i 
F i g . 1.1-4. G r a p h i c a l l l l u B t r a t l o r . of the d e r i v a t i o n of the 
t r i s t i m u l u B s p e c i f I c a c l o n s of a coloured s u r f a c e . 
( a ) . The energy d i e t r i b u t i o n of the i l l u m i n a n t . 
(b) . The product of ( a ) with the d i s t r i b u t i o n c u r r e s of f i g . 
1.2-15. 
The s p e c t r a l r e f l e c t i o n curve of the s u r f a c e . 
The product of (b) and ( c ) , from which the areas undey 
the three curves w i l ] give the t r i B t i m u l u s values - X, 
Y and Z - of the e u r f a e c . ( A f t e r Wright, 1964). 
i s ! : 
Of p a r a m o u n t i m p o r t a n c e i n t h e p h y s i c s o f c o l o u r 
i s t h e c o n c e p t o f r a d i a n t f l u x . T h i s i s d e f i n e d as 
t h e amount o f e n e r g y ( i n w a t t s ) r a d i a t e d o r r e c e i v e d 
by a s u r f a c e i n a u n i t o f t i m e ( i n s e c o n d s ) . Here, 
t h e r a d i a n t f l u x o f any o f t h e a f o r e m e n t i o n e d s t i -
m u l i , ( C ^ ) , between w a v e l e n g t h s >v and A + AX i s t h e 
t o t a l amount o f e n e r g y c o n t r i b u t e d by i t , i . e . 
ARF. = q. ( x ) . f . ( A ) . A X = P, . f , ( A ) . AX ( l . l - l ) 
1 1 1 ' • I 
and, a l o n g t h e w h ole s p e c t r u m o f v i s i b l e l i g h t ( V / L ) , 
RF. = I P - f . ( > ) . A x ( 1 . 1 - 2 ) 
1 ^ 1 
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Since the luminous y i e l d ( e f f i c i e n c y ) of a l i g h t 
s t i m u l u s i s not independent of wavelength, i n order 
t o o b t a i n the c o r r e s p o n d i n g e x p r e s s i o n f o r the l u m i -
nous f l u x , the r a d i a n t f l u x e q u a t i o n must be weighted 
by the aforementioned f a c t o r k . , The formula 
m A 
LP. = k ^ I P ^ . f . ( x ) . U ^ . AX ( 1 . 1 - 3 ) 
The p r o d u c t s P ^ . f ^ ( x ) and . f ^ ( x ) . k ^ i y ^ , f o r each 
of the components and the ujauelength X , are knoiun as 
P.. and F. r e s p e c t i v e l y , r a d i a n t and luminous f l u x 
1 A- X A 
per u n i t of mavelength (measured i n u/atts and lumens 
per nm r e s p e c t i v e l y ) , a l s o r e f e r r e d t o as mono-
chromatic r a d i a n t and l i g h t f l u x e s . 
I t i s p r a c t i c a l t o d e f i n e a neuu system of u n i t s 
( t h e c h r o m a t i c system) by l i m i t i n g the number of 
p r i m a r i e s t o t h r e e and r e f e r r i n g the l i g h t f l u x of 
each of the components (l-F"pj» I-PQ or LFg) t o t h a t of 
the c o r r e s p o n d i n g p r i m a r y (LF^^, LF|^^ or LFg^), i n a 
match where the t o t a l amount of l i g h t 'C i s made 
equal t o one of the neu) u n i t s . Thus, 
LF„ LF LF 
C 'C' = — ' R ' + — ' G ' + — 2 . 'B' (1,1-4) 
^'RO L F ^ ^ L F ^ ^ 
When c o l o u r 'C i s r e f e r r e d t o the luminous 
f l u x e s of t h r e e o t h e r l i g h t s 'R', 'G' and 'B', 
1.1-4 i s more commonly expressed as 
C 'C' = R 'R' + G 'G' + B 'B' (1.1-5) 
where 'R', 'G', 'B' and 'C' have no numeral s i g n i f i -
cance but r e p r e s e n t o n l y the q u a l i t y of the l i g h t s , 
w h i l s t C has the same f u n c t i o n as R, G and B, The 
s i g n = i n d i c a t e s t h a t the c o l o u r - m a t c h i n g e q u a t i o n 
above i s not an a l g e b r a i c e q u a t i o n , and i t should be 
read t h a t the m i x t u r e R, G and B u n i t s of s t i m u l i 
( R ) , (G) and (B) 'corresponds t o ' or ' i s matched by' 
C u n i t s of s t i m u l u s 'C', The q u a n t i t i e s of these 
t h r e e r e f e r e n c e s t i m u l i may be expressed i n p h y s i c a l 
u n i t s of power or energy, i n f o r m a l psychophysical 
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u n i t s of luminous f l u x or luminance or -more o f t e n , 
as here- f o r p r a c t i c a l reasons, i n more a r b i t r a r y 
u n i t s -such as the s o - c a l l e d T - u n i t s or the amounts 
d i r e c t l y read i n the scale of the i n s t r u m e n t ( W r i g h t , 
196A), I,1-5a becomes a t r u e a l g e b r a i c e q u a t i o n by 
w r i t i n g 
C = R + G + B ( I . 1 - 5 b ) 
D i v i d i n g t h i s e q u a t i o n both s i d e s of I.1-5a, a 
s o - c a l l e d u n i t - t r i c h r o m a t i c e q u a t i o n i s o b t a i n e d , 
Duhere the amount of 'C' i s measured as one t r i c h r o -
m a t i c u n i t ( o r T - u n i t , f o r b r e v i t y ) , 
•C s r 'R' + 9 'G' + b 'B' ( I . 1 - 6 a ) ' 
1 = r + g + b ( I . 1 - 6 b ) 
and 
r = R/(R+G+B) 
g = G/(R+G+B) (1.1-7) 
b = B/(R+G+B) 
I f the q u a n t i t i e s R, G and B are repres e n t e d as 
v e c t o r s R, G and B, a r b i t r a r i l y o r i e n t a t e d , a neiu, 
i n t e r e s t i n g , dimension is.added. I f a t r i a n g l e ( f i g . 
1,1-5, a and b) i s draujn betujeen p o i n t s R, G and B, 
so t h a t the d i s t a n c e s OR, GG and OB f u l f i l the r e l a -
t i o n s h i p OR = OG = OB = 1, p o i n t C, at the i n t e r s e c -
t i o n of v e c t o r \J with the plane of the t r i a n g l e ( u n i t 
p l a n e ) , l u i l l r e p r e s e n t the p o s i t i o n of c o l o u r 'C' 
u i i t h r e s p e c t t o the o t h e r s - 'R', 'G' and 'B', I f 
the o r i e n t a t i o n s of the r e f e r e n c e v e c t o r s are kept 
c o n s t a n t , the p o s i t i o n of any c o l o u r 'C on the plane 
depends s o l e l y on the n u m e r i c a l v a l u e s of R^, G^  and B. 
I t can be shown t h a t i f the t r i a n g l e i s e q u i l a t e r a l 
( f i g , I , 1 - 5 c ) , the p e r p e n d i c u l a r segments i n t e r c e p t e d 
between C and each of the s i d e s are p r o p o r t i o n a l to 
r , g and b, the c h r o m a t i c i t y c o o r d i n a t e s , and they 
add up t o a magnitud equal t o the h e i g h t of the t r i -
a n g l e , h. I f d i s t a n c e s are measured i n u n i t s such 
t h a t h=1, the segments w i l l e x a c t l y equal r , g and b. 
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Pig. 1.1-5*. Unit plane and Tectora. 
ftf. I . 1 - 5 e . 
The r e l a t i o n a h i p r+g+bd can 
be repreaented g r a p M c a l l y 
by iiaWn^ uae of • g e o m e t r i -
c a l property of the e q u i l a -
t e r a l t r i a c f l e : Indepenflent-
l y on P'B p o B i t i o n , the Bu= 
of t h e p c r p e n d i c u l a r B t o the 
a i d e s 1B equal to a c o n a t a c t 
( a r t l t r a r i l y regarded as one 
u n i t ) , l a a n o n - e o u i l a t e r a l 
t r i a n g l e , only two (any p a i r 
o f t h e c h r o m a t i c i t y c o o r d i -
n a t e e ) can be represented , 
BlDce - although r+g+b B t i l ] 
e q u a l s 1 - t h e a BE of t h e 
p e r p e n d i c u l a r s does not any 
l o n g e r do. 
P i g . I . 1 - 5 b . Unit plane and neutral 
c o l o u r B. 
». - « i O J •> »i n M ,5 M « 
P i g . I . 1 - 5 d . The 19Jl C . I . E . ehro-
• a t l c i t y c a r t p l c t t e c " i n terms of 
the r e f e r e n c e s t i m u l i ( X ) , ( T ; and 
( Z ) with u n i t s based on ar equal-
energy white E. The l o c a t i o n of the 
l l l u m i n a n t s S , S and S I s ehown 
P i g . 1 . 1 - 5 . The u n i t plane and the c h r o m a t i c i t y c h a r t , (b and 
a, a f t e r Judd and l y e c e t k i , 1952i d, a f t e r Wright, 1964) . 
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These can, t h u s , be regarded as some s o r t of c o o r d i -
n a t e s , c h r o m a t i c i t y c o o r d i n a t e s , by means of which 
the p o s i t i o n of a c o l o u r can g r a p h i c a l l y be d e f i n e d . 
I n p r a c t i c e i t i s more convenient t o r e p r e s e n t r and 
g, f o r i n s t a n c e , i n a r i g h t - a n g l e t r i a n g l e ( c a r t e s -
i a n system), where the p e r p e n d i c u l a r segments, how-
e v e r , no l o n g e r add up t o one. Since r+g+b s t i l l 
w i l l equal one u n i t , the p o i n t w i l l be s u f f i c i e n t l y 
d e termined w i t h two c o o r d i n a t e s . 
Since the u n i t l e n g t h s of the t h r e e axes, which 
correspond t o the u n i t amounts of the t h r e e prima-
r i e s , may be chosen i n an a r b i t r a r y way, a u s e f u l 
c h o i c e i s such t h a t equal amounts of 'R', 'G' and 'B' 
r e s u l t i n a n e u t r a l ( a c h r o m a t i c ) c o l o u r -one i n 
which n e i t h e r green nor r e d , nor blue predominates, 
'N', This corresponds t o our idea of what a p e r f e c t 
w h i t e should be, and i t s c h r o m a t i c i t y c o o r d i n a t e s 
( r , g , b ) are (0.333,0,333,0.333) or more e x a c t l y 
( 1 / 3,1/3,1/3). . 
Thus, a l l c o l o u r s can be r e p r e s e n t e d on the u n i t 
p l a n e , w i t h i n the frame of a r i g h t - a n g l e t r i a n g l e . 
I n f i g u r e I.1-5d a l l s a t u r a t e d (monochromatic) c o l -
o urs have been p l a t t e d i n a c h r o m a t i c i t y diagram i n 
which the p r i m a r i e s are u n r e a l or i m a g i n a r y , more of 
which w i l l be seen below. The r e s u l t i s the spectrum 
l o c u s . A number of f e a t u r e s are t o be noted: 1) wave-
l e n g t h s between 700 and 770 nm are r e p r e s e n t e d by a 
s i n g l e p o i n t and t h i s p a r t of the spectrum i s r e f e r r e d 
t o as a "long-wave and s t r e t c h " , 2) t h e r e i s no such 
e x a c t constancy of c h r o m a t i c i t y near the s h o r t wave 
extreme of the spectrum (430 t o 380 nm), but t h e r e i s 
a c e r t a i n approach t o i t , 3) between about 540 and 
770 nm the spectrum comes close t o a s t r a i g h t l i n e , 
4) between 380 and 540 nm, the remainder of the spec-
trum i s s i g n i f i c a n t l y curved. 
I t i s easy t o prove ( f i g . I.1-5e) t h a t i f and 
C 2 are the c h r o m a t i c i t y p o i n t s of two c o l o u r s mixed 
i n t he p r o p o r t i o n s c^ u n i t s of '0^' t o C2 u n i t s of 
' C 2 ' , the c h r o m a t i c i t y p o i n t of the r e s u l t i n g c o l o u r 
'C' w i l l be s i t u a t e d on the l i n e C^C2 at a p o s i t i o n 
such t h a t C/C2C=C2/c^ . That being so, i t f o l l o w s 
t h a t 'C' may a l s o be matched adding to the n e u t r a l 
'N' the spectrum c o l o u r 'D', 'D''s wavelength, x^, 
i s c a l l e d the dominant wavelength of c o l o u r 'C', 
c o r r e s p o n d i n g t o the p o i n t where the s t r a i g h t l i n e 
CM i n t e r s e c t s the spectrum l o c u s . I t r e p r e s e n t s the 
monochromatic l i g h t which must be' added t o the neu-
t r a l 'N' i n such a way t h a t the combined a c t i o n (ad-
d i t i o n ) of t h e i r luminous f l u x e s equals 'C's l u m i -
nous f l u x See f i g , I,1-5e, 
A l l c o l o u r s r e p r e s e n t e d by p o i n t s along the seg-
ment ND have the same dominant wavelength A^, but 
the r a t i o NC/NO a c c u r a t e i y determines the p o s i t i o n 
of c o l o u r 'C i n ti.e diagram. This r a t i o denotes 
the p r o p o r t i o n of s p e c t r a l c o l o u r of wavelength X^, 
NC u n i t s , which should be added t o the n e u t r a l white 
'N' i n o r d e r t o produce a m i x t u r e , ND u n i t s , which 
( 1) 
matches c o l o u r 'C' and i s known as p u r i t y ^ . De-
pending on the p o s i t i o n of C along the l i n e ND, i t s 
v a l u e v a r i e s between zero per cent ( a l l n e u t r a l 
w h i t e , no independent component 'D' at a l l ) and 
hundred per cent ( o n l y s p e c t r a l component 'D'). The 
c o l o u r s s i t u a t e d along the spectrum locus are c a l l e d 
monochromatic or s a t u r a t e d by o p p o s i t i o n t o these 
i n s i d e -between the spectrum curve and the l i n e 
(1) Colours r e p r e s e n t e d by p o i n t s w i t h i n the t r i a n g l e 
NKL ( f i g u r e I.1-5d) are c a l l e d p u r p l e and have no 
dominant wavelength. I n s t e a d t h e i r complementary 
wavelengths are g i v e n , AQ, by p r o l o n g i n g the l i n e 
Pl\l (P i s one of the p u r p l e c o l o u r s ) u n t i l i t i n t e r -
s e c t s the spectrum l o c u s . No p u r p l e c o l o u r can be 
o b t a i n e d by a m i x t u r e of w h i t e and a s a t u r a t e d c o l -
o ur, f o r which reason a l l of them are c a l l e d non-
s p e c t r a l c o l o u r s . 
The p u r i t y of c o l o u r 'P' i s d e f i n e d as NP/NE. 
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j o i n i n g i t s extremes- which are c a l l e d non-saturated. 
A l l , s a t u r a t e d and n o n - s a t u r a t e d , f i l l the area of 
the r e a l c o l o u r s . Outside i s the f i e l d of imaginary 
( u n r e a l ) c o l o u r s . 
We have then a r r i v e d -from an o r i g i n a l s p e c i f i c a -
t i o n of t h r e e v a l u e s : R, G and B- a t two d i f f e r e n t 
modes of e x p r e s s i o n . The t r i - c h r o m a t i c mode s p e c i f i e s 
the c o l o u r q u a l i t y of a s t i m u l u s by means of a " u n i t 
e q u a t i o n " ( r + g + b = 1 ) , from which the c o l o u r may 
be r e p r e s e n t e d on a c h r o m a t i c i t y diagram as a p o i n t 
( r , g ) . As soon as p o i n t ( r , g ) i s p l o t t e d we are pro-
v i d e d w i t h the means f o r e x p r e s s i n g t h a t c o l o u r i n 
terms of i t s dominant wavelength and p u r i t y , which 
c o n s t i t u t e the f o u n d a t i o n of the 'monochromatic-
p l u s - w h i t e ' mode. I t i s g e n e r a l l y claimed t h a t the 
main advantage of the dominant w a v e l e n g t h / p u r i t y 
s p e c i f i c a t i o n , when c o n t r a s t e d w i t h the c o o r d i n a t e s 
( r , g ) , i s i t s c l o s e r a s s o c i a t i o n w i t h the s u b j e c t i v -
e l y p e r c e i v e d a t t r - i b u t e s o f c o l o u r , A c o l o u r i s n o t , 
however, c o m p l e t e l y s p e c i f i e d by any of these two 
modes, as presente d so f a r . I n the case of the l i g h t 
r e f l e c t e d by a s u r f a c e , f o r i n s t a n c e , the r e f l e c t i o n 
f a c t o r can be halved or doubled throughout the spec-
t r u m , or the wattage o f . t h e lamp e m i t t i n g the l i g h t 
t o be matched can be d i m i n i s h e d or in c r e a s e d , and i n 
every case - a l t h o u g h dominant wavelength and p u r i t y 
v a l u e s would remain c o n s t a n t ( i , e , , hue and s a t u r a -
t i o n ) - the appearance of the c o l o u r would be d i f -
f e r e n t , i t s l u m i n o s i t y would be s m a l l e r or g r e a t e r 
(dimmer or b r i g h t e r ) . I n order t o complete the s p e c i -
f i c a t i o n , a new concept has t o be i n t r o d u c e d : l u m i -
nance, the i n t e n s i t y of L i g h t t r a n s m i t t e d per u n i t 
area of s u r f a c e , a p h y s i c a l n o t i o n d i r e c t l y depen-
dent on t h a t of luminous f l u x . For p r a c t i c a l reasons 
a f u l l i n t r o d u c t i o n w i l l be postponed u n t i l l a t e r . 
Dominant wavelength, p u r i t y and luminance - -the 
t h r e e c h a r a c t e r i s t i c s of l i g h t i n terms of which 
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c o l o u r may be s p e c i f i e d ' - correspond i n a general way 
t o t h r e e a t t r i b u t e s of c o l o u r s e n s a t i o n : hue ( r e d , 
green, e t c . ) , s a t u r a t i o n ( v i v i d , weak, s t r o n g , e t c . ) 
and b r i g h t n e s s ( b r i g h t , dim, e t c . ) . The scheme i n 
f i g u r e 1.1-6 c o n v e n i e n t l y i l l u s t r a t e s the correspon-
dances between the t e r m i n o l o g i e s i n the p h y s i c a l , 
p s y c h o p h y s i c a l and p s y c h o l o g i c a l f i e l d s . 
L e t us now r e t u r n t o the expr e s s i o n s i n formulae 
1.1-2 and 1.1-3, With the i n t r o d u c t i o n of the summa-
t i o n term I and m u l t i p l i c a t i o n by A'A, the f u n c t i o n s 
P. and F. miss t h e i r i n d i v i d u a l i t y , since f o r each 
1 A 1A 
s p e c i f i c value of e i t h e r r a d i a n t f l u x or luminous 
f l u x t h e r e w i l l be an i n f i n i t y o f d i f f e r e n t s p e c t r a l 
d i s t r i b u t i o n s of energy, P-^  , which w i l l s a t i s f y 
e q u a t i o n s 1,1-2 and 1,1-3 f o r each of the components. 
A l l s t i m u l i , w i t h i n each of the f a m i l y of curv e s , 
g i v i n g r i s e f o r each component t o the same r a d i a n t 
and luminous f l u x e s are s a i d t o e x h i b i t metameric 
c o l o u r s . I n the case of c o l o u r of p h y s i c a l o b j e c t s , 
which i s the main concern of c o l o r i m e t r y , the s i t u a -
t i o n i s t h a t of the beams of l i g h t l e a v i n g t h e i r 
s u r f a c e s being a l i k e i n c o l o u r a l t h o u g h d i f f e r e n t 
i n s p e c t r a l c o m p o s i t i o n . When d e a l i n g w i t h n o n - s e l f -
luminous o b j e c t s , the s p e c t r a l composition of the 
l i g h t r e f l e c t e d / t r a n s m i t t e d , P^, depends on the 
s p e c t r a l c o m p o s i t i o n of the i l l u m i n a n t source ' I ' 
as w e l l as on the o b j e c t ' s s p e c t r a l r e f l e c t a n c e or 
t r a n s m i t t a n c e f a c t o r s (which are i n p a r t a f u n c t i o n 
of the i l l u m i n a t i o n a n g l e ) . And how any l i g h t s t i -
mulus 'C' = Pj^ w i l l be p e r c e i v e d by an observer de-
pends not o n l y on i t s s p e c t r a l c o m p o s i t i o n , but also 
on the observer h i m s e l f and on the background l i g h t s 
which can t e m p o r a r i l y modify the s e n s i t i v i t y of the 
eye t o see c e r t a i n c o l o u r s and even become a p a r t of 
P-y^ i t s e l f . Two specimens or l i g h t s e x h i b i t i n g meta-
meric c o l o u r s w i l l be deemed t o have the same c o l o u r 
under a c e r t a i n i l l u m i n a t i o n and judged by c e r t a i n 
o b s e r v e r s ; under o t h e r i l l u m i n a t i o n and f o r o t h e r 
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o b s e r v e r s , the two w i l l g e n e r a l l y appear w i t h d i f -
f e r e n t c o l o u r s and are s a i d to show a metameric d i f -
f e r e n c e . 
I t f o l l o w s then t h a t any s e r i o u s attempt t o evolve 
a methodology which o b j e c t i v e l y measures c o l o u r s and 
t e l l s them a p a r t , must f i r s t f i n d a way to prevent 
the occurrence of s p u r i o u s metameric matches. A f i r s t 
step goes t h r o u g h s t a n d a r d i z i n g the c o n d i t i o n s of 
i l l u m i n a t i o n ( i l l u m i n a n t , i l l u m i n a t i o n angle and 
background) t o , as i t w i l l be seen l a t e r , s t a n d a r d -
i z i n g even the observer h i m s e l f . But even so, any 
att e m p t c o m p l e t e l y t o e l i m i n a t e the p o s s i b i l i t y of 
metameric matches t o appear i s doomed t o f a i l , be-
cause of the very n a t u r e of formulae 1.1-2 and 
1.1-3. The te c h n i q u e of d e f i n i n g a colour.by g i v i n g 
i t s components' r a d i a n t f l u x and luminous f l u x - or 
any o t h e r p h y s i c a l measurements d e r i v e d from these 
two - does not g i v e r i s e t o any unequivocal charac-
t e r i z a t i o n . T his l i m i t a t i o n has however never been 
a s e r i o u s handicap i n i n d u s t r i a l c o l o r i m e t r y but i t 
has i n f a c t become i t s s t r e n g t h , since the observer 
w i l l see two d i f f e r e n t s t i m u l i as e q u i v a l e n t as long 
as he sees as i d e n t i c a l the r a d i a n t f l u x e s (and l u m i -
nous f l u x e s ) of each p a i r of homologous components. 
I n o t h e r words, the human eye cannot d i s c r i m i n a t e 
beyond the E l e v e l of the f o r m u l a e . The aim of i n -
d u s t r i a l c o l o r i m e t r y being the measurement of c o l -
ours f o r the u l t i m a t e purpose of manufacturing 
c o p i e s , i t i s r e a l l y of l i t t l e concern whether a 
match i s achieved by e x a c t l y r e p r o d u c i n g a c e r t a i n 
s p e c t r a l d i s t r i b u t i o n of energy or any other g i v i n g 
r i s e t o the same s e n s a t i o n , as long as the match 
ho l d s under a l l normal c o n d i t i o n s of v i e w i n g . F o r t u -
n a t e l y e x periments show t h a t c o l o u r matches remain 
v a l i d over a wide range of a d a p t a t i o n l e v e l s and 
c o n d i t i o n s of c o n t r a s t , a t l e a s t f o r 2° f i e l d s ( c o r -
responding t o the r o d - f r e e area of the v i s u a l f i e l d 
i n the r e t i n a ) , and t h a t only when the eye i s sub-
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j e c t e d to g l a r i n g c o n d i t i o n s of p r e - a d a p t a t i o n does 
a colour-match break down. 
Concerning the problems d e a l i n g w i t h i l l u m i n a t i o n 
c o n d i t i o n s and stan d a r d s u r f a c e s , the 1931 C.I.E. 
recommends the use of standard sources - i l l u m i n a n t s 
A, B or C ( f i g . 1.1-3) - e m i t t i n g l i g h t at 45° t o 
the s u r f a c e of the o b j e c t under study and being c o l -
l e c t e d n o r m a l l y , i n order to avoid any e v e n t u a l 
specular r e f l e c t i o n . As standard s u r f a c e s to which 
the o b j e c t ' s r e f l e c t i o n f a c t o r ( r e f l e c t e d l i g h t / t o t a l 
i n c i d e n t l i g h t ) a t each wavelength w i l l be r e f e r r e d , 
Mg CO^ has been found much more c o n s t a n t i n whiteness 
than [Aq 0, f o r 'abridged' r e f l e c t o p h o t o m e t e r s , while 
the use of t h r e e s t a n d a r d c o l o u r e d c h a r t s has been 
advised when p r o v i d i n g the C.I.E. s p e c i f i c a t i o n s . 
The problems d e a l i n g w i t h the s t a n d a r d i z a t i o n of 
the observer proved t o be more d i f f i c u l t t o t a c k l e . 
Use was made of the p r i n c i p l e u n d e r l y i n g the e x i s -
tence of metameric' c o l o u r s , w i t h o u t any r e a l (spec-
t r a l ) i d e n t i t y being s t r i v e d f o r . A c a p i t a l aspect 
of each matching experiment i s the e l e c t i o n of the 
r e f e r e n c e s t i m u l i . The i m p o s s i b i l i t y of matching a l l 
c o l o u r s by a d d i t i v e c o m b i n a t i o n of t h r e e l i g h t s of 
f i x e d c h r o m a t i c i t y has a l r e a d y been mentioned, but 
i t i s reasonable t o s t r i v e f o r a choice t h a t w i l l 
reproduce as many c o l o u r s as p o s s i b l e , A near max-
imum, c h r o m a t i c i t y gamut i s a t t a i n e d by choosing two 
of the s t i m u l i ( r e d and b l u e ) near the ends of the 
spectrum l o c u s and the o t h e r near the middle p a r t of 
i t . A disadvantage i s t h a t the two primary s t i m u l i 
( r e d and b l u e ) s e l e c t e d i n t h e - v i c i n i t y of the ex-
tremes must n e c e s s a r i l y have low l u m i n o s i t y . The 
problem i s then f i n d i n g the t r i a d which w i l l r e -
pr e s e n t the o p t i m a l compromise between high luminance 
and wide c t i r o m a t i c i t y gamut. Once t h i s was done, the 
procedure i m p l i e d d e t e r m i n i n g once and f o r a l l the 
amounts of the t h r e e s t i m u l i r e q u i r e d by the average 
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eye t o match a s t a n d a r d q u a n t i t y of T - u n i t s (or one 
w a t t ) of every c o l o u r throughout the spectrum. This 
was done by l e t t i n g s e v e r a l groups of observers -
w i t h the a i d of a v i s u a l c o l o r i m e t e r ( f i g . 1 . 1 - 9 ) -
t o make matches of c o l o u r at c o n s t a n t wavelength i n -
t e r v a l s , AA, along the whole spectrum. Their r e s u l t s 
were averaged and adopted by the C.I.E. (Commission 
I n t e r n a t i o n a l e de I ' E c l a i r a g e ) as r e p r e s e n t a t i v e f o r 
the c o l o u r - m a t c h i n g c h a r a c t e r i s t i c s of the standard 
o b s e r v e r (1931). A new set of v a r i a b l e s has been de-
f i n e d : t he so c a l l e d d i s t r i b u t i o n c o e f f i c i e n t s , r e -
p r e s e n t i n g the number of T - u n i t s of each component 
r e q u i r e d a t each wavelength t o match the c o l o u r 
( l i g h t ) o f the equal-energy spectrum ( f i g , 1.1-8), 
Thus, the standard o b s e r v e r , as s p e c i f i e d i n 1939 by 
t h e C . I . E . , i n v o l v e d f i r s t : 
1) t a b u l a t i o n of r , g and b, s p e c t r a l c h r o m a t i c i t y 
c o o r d i n a t e s ( c a l l e d at t h a t time t r i c h r o m a t i c 
c o e f f i c i e n t s ) , from 380 nm t o 780 nm a t every 
5 nm i n terms of s t i m u l i s e l e c t e d as 
2)> 70Q nnr- 'R', 546.1 nm 'G' and 435,8 nm 'R' which 
d e f i n e a system 'R,G,B' whose u n i t s have been 
a d j u s t e d t o be e q u a l i n a match on an e q u a l -
energy w h i t e ; 
3);, t a b u l a t i o n of F,^  , and b^, d i s t r i b u t i o n c o e f f i -
i V c i e n t s or t r i - s t i m u l u s v a l u e s f o r the equal-energy 
. ::i^:^vspectrum, a t the same wavelength i n t e r v a l s and 
"•^for i d e n t i c a l s t i m u l i and u n i t s ; 
s e t t i n g up the r e l a t i v e luminous e f f i c i e n c i e s 
( t h e n known as r e l a t i v e l u m i n o s i t i e s ) of the 
T - u n i t of 'R', 'G' and 'B'; t h e i r values ware 
' f o u n d t o be \1,^,=1.Q0, V,^,=4,5907 and V,g,=0,0601, 
These t a b l e s are v a l i d f o r c o l o u r matching under 
c o n d i t i o n s of 2*^  f o v e a l v i s i o n , which corresponds 
t o s e e ing w i t h the r o d - f r e e , c e n t r a l area of the 
f o v e a , as measured by i t s angular subtense i n the 
v i s u a l f i e l d . When c o n s i d e r i n g the v a r y i n g s t r u c -
21 
t u r e of the r e t i n a , from fovea to p e r i p h e r y and 
from one i n d i v i d u a l to the o t h e r , the r o l e of eye 
• pigment and the importance of p r e - a d a p t a t i o n and 
c o n d i t i o n s of i l l u m i n a t i o n , the need f o r standards 
i s r e a d i l y a p p r e c i a t e d , and i t i s h a r d l y s u r p r i s i n g 
t o f i n d t h a t the c o l o u r match e v e n t u a l l y agreed 
on by a group of observers does not h o l d as soon 
as the v i s u a l f i e l d i s enlarged beyond the 2°-sub-
t e n s e , the i l l u m i n a t i o n c o n d i t i o n s changed or the 
o b s e r v e r s s u b s t i t u t e d by another group. 
Thus, i f i n o r d e r t o match the c o l o u r of an e q u a l -
energy spectrum a t p o s i t i o n \, one T - u n i t of each 
s t a n d a r d s t i m u l u s ( r ^ / g ^ / b ^ ) i s r e q u i r e d , P^  u n i t s 
o f each w i l l be necessary i n order t o match a c o l o u r 
o f s p e c t r a l c o m p o s i t i o n P^  (P^ . r^^/P^ , g^/P^ , b ^ ) , A f t e r 
t h e 1931 congress i n C o l o r i m e t r y i t was agreed t h a t , 
s i n c e the s t i m u l i 'R', 'G' and 'B' o f t e n r e q u i r e neg-
a t i v e c o e f f i c i e n t s i f a b s o l u t e l y every r e a l c o l o u r 
i s t o be matched, and since the meaning of a n e g a t i v e 
amount o f c o l o u r c o u l d r e s u l t i n misunderstandings 
* and: m i s c a l c u l a t i o n s by gome of the users of the sys-
tem, an a l l p o s i t i v e r e f e r e n c e system (X,Y,Z) -based 
on; i m a g i n a r y c o l o u r s - was t o be used, w h i l e the sys-
tem 'R,G,B' was k e p t as the a p p r o p r i a t e framework 
l u i t h i n which t o d e f i n e the c o l o u r - m i x i n g c h a r a c t e r -
i s t i c s o f the s t a n d a r d observer, and as working r e f -
erence' s t i m u l i \ The formulae f o r X, Y and Z are 
s i m i l a r t a those f o r R, G and B. I t i s customary, 
however, t o i n t r o d u c e a n o r m a l i z i n g f a c t o r k^ i n 
each of t h e t h r e e e x p r e s s i o n s w i t h a value such t h a t 
Y i s clamped down t o some p r a c t i c a l f i g u r e , i n the 
" C 2 i s # o f t h e s t a n d a r d s u r f a c e , w h i l e p r o p o r t i o n s 
( 1 ) I n t h e c h r o m a t i c i t y diagram the new p o i n t s -X, Y and 
Z- must determine a t r i a n g l e which encloses a l l r e a l 
c o l o u r s , so t h a t t r i c h r o m a t i c and d i s t r i b u t i o n c o e f -
f i c i e n t s are p o s i t i v e ( f i g . 1.1-7). 
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I n the case of o b j e c t c o l o u r s - a s i t u a t i o n of 
s p e c i a l b i o l o g i c a l concern - a surface has the 
700 mn 
P i g . 1 . 1 - 7 . [ i T Z l - t r l a t l a u l u a space i n o b l i q u e p r o j e c t i o n 
ahowlng l o c a t i o n o f [x,y]-«hromatlcity diagram ( u n i t plane, 
Z -•• T Z - l ) . ( A f t e r Judd * D^aseckl, 1963) . 
c o l o u r o f t h e l i g h t r e f l e c t e d by i t , f o r which reason 
a r e f l e c t i o n f a c t o r has t o be i n t r o d u c e d i n the 
f o r m u l a . Keeping the symbol P^ f o r the energy d i s t r i -
b u t i o n o f the i l l u m i n a n t , n o r m a l l y a B or C source, 
the l i g h t r e f l e c t e d by the o b j e c t i s p P and the 
formulae become 
Y = ^ n i y ^ - p > p > - ^ ^ (1.1-9) 
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where p i s the r e f l e c t i o n f a c t o r of the sample (un-
der s t a n d a r d c o n d i t i o n s of i l l u m i n a t i o n and v i e w i n g ) 
r e f e r r e d t o t h a t of the standard s u r f a c e , which thus 
has a r e f l e c t i o n f a c t o r equal t o one adimensional 
u n i t , 
E l e c t r o m e c h a n i c a l devices have been designed and 
b u i l t which accomplish these m u l t i p l i c a t i o n s and i n -
t e g r a t i o n s and, i n some cases, can be adapted as an 
attachment t o a r e c o r d i n g spectrophotometer, A modern 
v a r i e t y has d i g i t a l t r i s t i m u l u s i n t e g r a t o r s and d i g -
i t a l r eadout devices which are used i n combination 
w i t h tape-punch or card-punch equipment and d i g i t a l 
computers. 
The c o e f f i c i e n t s g i v e n i n the t a b l e s f o r the 1931 
st a n d a r d observer are thus not r e f e r r e d t o s t i m u l i 
•R', 'G' and 'B' b u t , n o r m a l l y t o s t i m u l i ( X ) , ( Y ) 
and ( Z ) , As an a d d i t i o n a l p r a c t i c a l n o r m a l i z a t i o n , 
L y - , P ^ , A X i s o f t e n made equal t o 100; then K 's A A n 
va l u e i s 1, Since the p r o d u c t s x^,P^, y^.P^^ and 
z^,P^ are assiduous i n g r e d i e n t s i n the c a l c u l a t i o n 
of X, Y and Z, i t has a l s o been p r a c t i c a b l e t o p r o -
duce t a b l e s f o r them -not only f o r the C.I.E. s t a n -
dard i l l u m i n a n t s but f o r ot h e r non-standard sources 
as w e l l . 
The e l e c t i o n of these p a r t i c u l a r s t i m u l i , among 
a l l n o n - r e a l c o l o u r s , i s by no means a r b i t r a r y . Apart 
from d e t e r m i n i n g an a l l - p o s i t i v e system, i t can be 
shown ( W r i g h t , 1944) t h a t - f o r the p a r t i c u l a r set 
sel e c t e d - -. the luminous f l u x (and luminance) c o n t r i -
buted by the imaginary components (X) and ( Z ) i s 
n u l l . Under those c o n d i t i o n s , i n v i r t u e of a l l the 
ma t h e m a t i c a l accommodations performed, the luminance 
of an o b j e c t can be made equal t o i t s Y - t r i s t i m u l u s 
v a l u e , w i t h i n a scale whose maximum value c o r r e s -
ponds t o the Y-value of the standard s u r f a c e ( a r -
b i t r a r i l y chosen as Y =100). By doing so a scale 
has been c r e a t e d f o r the t r i s t i m u l u s v a l u e s as w e l l . 
The Y v a l u e s are clamped up t o a maximum of Y =100, 
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w h i l e the r e s p e c t i v e maximum f o r the X and Z va l u e s 
are determined by the maximum Y and the p r o p o r t i o n s 
between the c h r o m a t i c i t y c o o r d i n a t e s of the i l l u m i -
nant source. I f these are X j , y^ and Z j , the s t a n -
dard s u r f a c e ' s t r i s t i m u l u s v a l u e s must keep the same 
r e l a t i o n s h i p . T h e r e f o r e 
X j Yj Z j 
X ~ Y ~ Z s s s 
and since Y^ i s made equal t o 100, 
X j Z j 
X = - . i _ . i 0 0 Z = --i-.100 
Yj s y j 
The problem which an a n t h r o p o l o g i s t i s thus going 
t o f i n d i n p r a c t i c a l f i e l d w o r k , i f t r y i n g t o d e t e r -
mine the c o l o u r of a s k i n , i s t h a t of o b t a i n i n g the 
amounts of (x), ( Y ) and ( Z ) needed t o equal the sen-
s a t i o n of c o l o u r produced by the l i g h t r e f l e c t e d from 
a s u r f a c e w i t h r e l a t i v e r e f l e c t i o n f a c t o r p^ ^ when i l -
l u m i n a t e d by a s t a n d a r d source of s p e c t r a l composi-
t i o n P^  under an angle of 45 degrees. The l i g h t i s 
a f t e r r e f l e c t i o n c o l l e c t e d n o r m a l l y by one or th r e e 
p h o t o c e l l s and, i f p h o t o c e l l - f i l t e r combinations p r o -
v i d i n g at l e a s t the same o v e r a l l s p e c t r a l responses 
as the x^ y^ z ^ f u n c t i o n s are a v a i l a b l e ( f i g , 1.1-8), 
the t r i s t i m u l u s v a l u e s can be o b t a i n e d d i r e c t l y . I f 
the p h o t o c e l l - f i l t e r c o m b i n a t i o n s p r o v i d e i n s t e a d 
responses r^ g^ b ^ t r i s t i m u l u s v a l u e s R, G and B w i l l 
be o b t a i n e d which can be c o n v e r t e d t o X, Y, Z values 
( C l u l o w , 1972). I f not i n possession of a c o l o r i m e t e r , 
the X,Y,Z t r i s t i m u l u s v a l u e s can s t i l l be prod_uced 
from a knowledge of the p r o d u c t s i n 1.1-9, according 
t o the method d e s c r i b e d above. I n p r a c t i c e , however, 
many modern spec t o p h o t o m e t e r s , a p a r t from p r o v i d i n g 
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a f u l l graph o f t h e r e f l e c t i o n c u r v e , are a l s o 
Cll ttindjrt obscivei 
ooooo nitff photwl! oitorimetw 
MO 500 
Wavelength, 
71g. 1.1-6. Sxample of curreB ehowlnc t h e degree t o which 
t r l B t l B u l u B f i l t e r s coitblnea with a b a r r i e r - l a y e r c e l l du-
p l i c a t e the C . I . E . eolour-matehing curree i ^ , fx'*x • '*>e 
t r i a t l i D u l u e f i l t e r e a re oafle up of e o B b i n a t i o n e of c o l o u r e i 
glaBsee arranged i n e e r i e e and Bide by Bide. ( A f t e r Judd t 
• y e t e c k i , 1965). 
a t t a c h e d t o a t r i s t i m u l u s i n t e g r a t o r which automat-
i c a l l y computes the r e q u i r e d v a l u e s . 
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No p r e s e n t a t i o n of the tec h n i q u e s f o r the meas-
urement of c o l o u r t h r o u g h an e x p o s i t i o n of t h e i r 
t h e o r e t i c a l f o u n d a t i o n s i s complete l u i t h o u t an 
i n t r o d u c t i o n t o the v a r i o u s types of in s t r u m e n t s 
among which they have found t h e i r a p p l i c a t i o n . The 
methods f o r measuring and r e c o r d i n g c o l o u r can be 
c l a s s i f i e d i n t o two main groups: matching methods 
and s p e c t r o p h o t o m e t r i c methods. The f i r s t group's 
working p r i n c i p l e i s the matching of c o l o u r s , 
f i r s t achieved v i s u a l l y by using standard c o l -
oured cards or c h a r t s and l a t e r by means of e i t h e r 
v i s u a l or p h o t o e l e c t r i c c o l o r i m e t e r s . The second • 
method i n v o l v e s measurement of s p e c t r a l wave-
l e n g t h s and p h o t o m e t r i c b r i g h t n e s s ( o r luminance) 
of c o l o u r s . 
The f i r s t v i s u a l matching methods are b a s i -
c a l l y means of c l a s s i f y i n g and comparing c o l o u r s . 
The Ostwald system, t he p i o n e e r i n g work on which 
the more modern Colour Harmony Manual ( G r a n v i l l e 
& Jacobson,1944) i s based, the Mu n s e l l system 
(1929, 1943) and the most e x t e n s i v e V i l l a l o b o s 
system (1947) are about the most r e p r e s e n t a t i v e 
here. T h e i r aim i s t o f i n d , among the p o s s i b i -
b i l i t i e s p r o v i d e d by the system, one which i s 
judged t o be i d e n t i c a l t o the sample's c o l o u r , 
which i n t u r n means t h a t the system's e f f e c t i v e -
ness i s a p r i o r y s e v e r e l y r e s t r i c t e d by the com-
prehensiveness of the set of cards or c h a r t s used. 
I n a d d i t i o n , a l l v i s u a l methods of c o l o u r matching 
are by t h e i r very n a t u r e s u b j e c t i v e . 
The i n s t r u m e n t s u t i l i s e d f o r matching c o l o u r s 
are c a l l e d c o l o r i m e t e r s and belong t o e i t h e r the 
one or the o t h e r of two d i f f e r e n t t y p e s : v i s u a l and 
p h o t o e l e c t r i c c o l o r i m e t e r s . W i t h i n the l a s t group, 
the human eye's r o l e i s performed by one or s e v e r a l 
p h o t o e l e c t r i c c e l l s . Both t y p e s ' o p e r a t i o n a l p h i l -
osophy r e s t s on two fundamental p r i n c i p l e s : 
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1) most c o l o u r s can be matched ( u / i t h the e x c e p t i o n s 
seen b e f o r e ) by m i x t u r e i n s u i t a b l e p r o p o r t i o n s of 
t h r e e s t a n d a r d r a d i a t i o n s , u s u a l l y r e d , green and 
b l u e ; 
2) b l e n d i n g of any tmo c o l o u r s can be matched by 
m i x t u r e o f t h e i r r e s p e c t i v e matching c o m b i n a t i o n s . 
These two p r i n c i p l e s , i n c o m b i n a t i o n , e s p e c i a l l y , 
w i t h tu)o of the laujs a l r e a d y f o r m u l a t e d by Grassman 
i n t h e 19th c e n t u r y ( 1 8 5 3 ) , p r o v i d e d the t h e o r e t i c a l 
f o u n d a t i o n of what was t o become l a t e r the C.I.E. 
system of c o l o u r s p e c i f i c a t i o n . These two laws are: 
1) The human eye can o n l y d i s t i n g u i s h t h r e e k i n d s 
o f v a r i a t i o n r e l a t e d t o c o l o u r : v a r i a t i o n s i n domi-
n a n t w a v e l e n g t h , p u r i t y and luminance. 
2) The luminance r e s u l t i n g from the a d d i t i v e m i x t u r e 
o f a number of l i g h t s equals the sum of the l u m i -
nances produced s e p a r a t e l y by each of the l i g h t s . 
I n an a d d i t i v e (1) v i s u a l c o l o r i m e t e r the eye 
r e c e i v e s the l i g h t r e s u l t i n g from the m i x t u r e of the 
t h r e e p r i m a r i e s , whose r e l a t i v e p r o p o r t i o n s can be 
a d j u s t e d u n t i l i t s a d d i t i o n i s judged t o e q u a l the 
c o l o u r t o be measured ( f i g . 1.1- 9 ) . The r e a d i n g s 
can a f t e r w a r d s be c o n v e r t e d t o C.I.E. v a l u e s . The 
v a r i o u s t y p e s of v i s u a l c o l o r i m e t e r s d i f f e r c h i e f l y 
i n t h e means devised t o achieve the a d d i t i v e m i x t u r e 
( l ) The so c a l l e d s u b s t r a c t i v e c o l o r i m e t e r s , a l t h o u g h 
based on the same p r i n c i p l e s , work i n the o p p o s i t e 
way. I n s t e a d of f i n d i n g the amounts of r e d , green 
and blue r e q u i r e d t o match the specimen's c o l o u r , 
a beam of w h i t e l i g h t (assumed t o possess an equal 
energy d i s t r i b u t i o n t h r o u g h the spectrum) i s , by 
s t e p w i s e a b s o r p t i o n when passing t h r o u g h t h r e e 
f i l t e r s - i n f o r i n s t a n c e the sequence y e l l o w , ma-
g e n t a and cyan- d e p r i v e d of i t s b l u e , green and red 
components i n t h a t o r d e r . The d e n s i t y of the f i l t e r s 
can be v a r i e d i n order t o c o n t r o l the a b s o r p t i o n of 
t h e t h r e e p r i m a r i e s , u n t i l the r e s u l t i n g l i g h t 
e q u a l s the c o l o u r of the sample. The Lovibond T i n t o -
meter (made by the T i n t o m e t e r L i m i t e d , S a l i s b u r y , 
V J i l t s h i r e , U.K.) i s p r o b a b l y the most r e p r e s e n t a t i v e , 
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of the t h r e e p r i m a r i e s . The c o l o r i m e t e r c o n t r i v e d by 
Donaldson (1935) has perhaps been most wi d e l y used 
i n i n d u s t r y . 
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?ig. 1.1-9. 
T h e principle of t r ichromat ic matching co lor imeters The light reflected 
from the upper screen is solely that of the specimen and from the lower screen only the mixture 
of red, green and blue light. By adjusting the amounts ol red. green and blue light, for example, 
by varyin;) the operative areas of the primary filters, the mixture in the lower half of the field 
of view pan be made identical in appearance to the colour of the specimen in the upper half 
of the field of view. 
I n the p h o t o e l e c t r i c c o l o r i m e t e r e i t h e r the r e -
f l e c t i o n s of the t h r e e p r i m a r y l i g h t s are i n succes-
s i o n c o l l e c t e d by a s i n g l e p h o t o e l e c t r i c c e l l or an 
o r i g i n a l l y - w h i t e beam of l i g h t i s , a f t e r r e f l e c t i o n , 
d i v i d e d i n t h r e e and each p o r t i o n passed through one 
of the t h r e e p r i m a r y f i l t e r s b e f o r e c o l l e c t i o n by 
one of t h r e e p h o t o c e l l s . I n each case, the weak 
e l e c t r i c c u r r e n t s generated i n the p h o t o c e l l or 
p h o t o c e l l s by the i n t e r c e p t e d l i g h t s are a m p l i f i e d 
and measured i n a galvanometer, as a d i r e c t i n d i c a -
t i o n of the amounts of p r i m a r i e s r e q u i r e d . The 
measurements are made i n a scale which n o r m a l l y 
s u p p l i e s r e a d i n g s ( t r i s t i m u l u s v a l u e s ) c o n v e r t i b l e 
or r e l a t e d t o the C,I,E, u n i t s . I t i s even p o s s i b l e , 
a l t h o u g h p r o b l e m a t i c , t o design c o l o r i m e t e r s g i v i n g 
d i r e c t r e a d i n g s i n C L E . u n i t s . P r i o r t o making 
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measurements i t i s g e n e r a l l y necessary t o c a l i b r a t e 
or balance the p h o t o e l e c t r i c c e l l s a g a i n s t the l i g h t 
r e f l e c t e d by a good w h i t e r e f e r e n c e s u r f a c e . T y p i c a l 
p h o t o e l e c t r i c c o l o r i m e t e r s are the Colormaster (made 
by M a n u f a c t u r e r s E n g i n e e r i n g and Equipment Corpora-
t i o n , P e n n s y l v a n i a , U.S.A.) and the Color Eye (made 
by I n s t r u m e n t Development L a b o r a t o r i e s , Massachus-
s e t s , U.S.A.). 
W i t h i n the second main group, s p e c t r o p h o t o m e t r i c 
methods, the s e r v i c e s of a p h o t o e l e c t r i c s p e c t r o -
photometer are today u t i l i z e d i n or d e r t o e s t a b l i s h 
how the p r o p o r t i o n o f r e f l e c t e d or t r a n s m i t t e d l i g h t 
v a r i e s t h r o u g h o u t the spectrum f o r each specimen. 
From t h i s knowledge the i n t e r n a t i o n a l C.I.E, s p e c i f i -
c a t i o n s can be d e r i v e d i n a l a t e r s t e p . The graph 
o b t a i n e d from these measurements p r o v i d e s i n f o r m a -
t i o n about t he s p e c t r a l c o m p o s i t i o n of the l i g h t 
r e f l e c t e d or t r a n s m i t t e d by an o b j e c t when i l l u m i -
n a t e d by some st a n d a r d source. Such a graph can be a 
co n t i n u o u s curve ( a u t o m a t i c r e c o r d i n g or ' f u l l ' spec-
t r o p h o t o m e t e r ) or an approximate s p e c t r o p h o t o m e t r i c 
c u r v e , r e s u l t i n g from j o i n i n g t o g e t h e r a c e r t a i n 
number of p o i n t s (between e i g h t and s i x t e e n ) ob-
t a i n e d i n the same manner as b e f o r e , ('abridged' 
s p e c t r o p h o t o m e t e r s ) . F i g . 1.1-10, a and b, i l l u s -
t r a t e s the working p r i n c i p l e s of bo t h s p e c t r o p h o t o -
meters f o r an opaque specimen. I n both methods the 
l i g h t from the stand a r d i l l u m i n a n t i s d i v i d e d i n 
narrow wavelength bands which, a f t e r p a r t i a l r e f l e c -
t i o n -by the specimen, are c o l l e c t e d by the p h o t o c e l l 
where p r o p o r t i o n a l amounts of e l e c t r i c c u r r e n t w i l l 
be g e n e r a t e d ; these w i l l i n t u r n be a m p l i f i e d and 
t r a n s f e r r e d t o a m i l l i a m m e t e r or galvanometer, where 
they are measured as d i r e c t i n d i c a t i o n of the r e l a t i v e 
c o m p o s i t i o n of l i g h t a long,the spectrum. Before oper-
a t i o n the apparatus must be c a l i b r a t e d by a d j u s t i n g 
t o a s p e c i f i e d q u a n t i t y the l i g h t r e f l e c t e d by a 
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s t a n d a r d w h i t e s u r f a c e . The same beam of l i g h t i s i n 
each case e i t h e r d i v i d e d i n two and each h a l f focused 
on r e s p e c t i v e l y the specimen and the white standard 
(.) 
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P i g . 1.1-10, I h e p r i n e l p l * of a f u l l speetrophotoae-ter, 
arranged p r i m a r i l y f o r aeaaureaecta on opaqne r e f l e c t i n g 
Burfacea ( a ) . The p r i n c i p l e of abrlged (pectrophotoBetera 
f o r r e f l e c t i o n ( h ) . 
( A f t e r Olulow, 1972). 
( ' f u l l ' s p e c t r o p h o t o m e t e r s ) , or focused i n succession 
on the whi t e s t a n d a r d and the specimen d u r i n g the 
c a l i b r a t i o n process (some ' f u l l ' spectrophotometers 
and a l l 'abridged' s p e c t r o p h o t o m e t e r s ) . Due to. the 
c a l i b r a t i n g o p e r a t i o n , measurements on l i g h t r e f l e c t e d 
from the sample are r e f e r r e d t o those from the white 
s u r f a c e , which i n f a c t p r o v i d e s us w i t h the r e f l e c t i o n 
f a c t o r of the specimen a t the p a r t i c u l a r waveband 
s e l e c t e d . The main d i f f e r e n c e between both k i n d s of 
spect r o p h o t o m e t e r s l i e s i n the procedure f o l l o w e d t o 
produce those wavelength bands, as seen i n f i g . J,1-10. 
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R e p r e s e n t a t i v e of the f i r s t type are the Hardy r e -
c o r d i n g spectrophotometer (now manufactured by the 
Diano C o r p o r a t i o n , Foxboro, Massachussets, U.S.A.) 
or t h e L e r e s ' T r i l a c (made by Lores S.A. of P a r i s , 
F r a n c e ) , the l a s t one l i n k e d t o a t r i s t i m u l u s i n t e -
g r a t o r and thus capable of d i r e c t l y producing the 
t h r e e C.I.E. t r i s t i m u l u s v a l u e s . Among the many 
'ab r i d g e d ' s p e c t r o p h o t o m e t e r s a v a i l a b l e i n the 
market are the Pretema FS-3A Spectromat f i l t e r 
s p e ctrophotometer (made by Pretema AG, Z u r i c h , 
S w i t z e r l a n d ) w i t h 33 narrow wavebands spread a t 
i n t e r v a l s of 10 nm between 390 and 710 nm. The 
i n s t r u m e n t a l s o has a b u i l t - i n a u t o m a t i c computer 
f o r c a l c u l a t i o n of C,I,E, t r i s t i m u l u s values and can, 
i n a d d i t i o n , be connected t o another computer f o r 
s t o r i n g measurements and s o l v i n g c o l o u r problems. 
Summary . Some aspects o f t h e ^ p h y s i c s of c o l o u r have been 
i n t r o d u c e d i n some d e t a i l i n order t o place the C.I, 
E.. s p e c i f i c a t i o n s f o r t h e e x p r e s s i o n o f co l o u r i n a 
wid e r t h e o r e t i c a l c o n t e x t . I t i s g e n e r a l l y held t h a t , 
w i t h i n t h e i r frame, t he 'monochromatic-plus-white' 
mode (dominant wavelength, p u r i t y , luminance) i s more 
c l o s e l y a s s o c i a t e d t o the s u b j e c t i v e l y perceived 
a t t r i b u t e s of c o l o u r (hue, s a t u r a t i o n , b r i g h t n e s s ) 
than the ' t r i - c h r o m a t i c ' mode ( x , y, luminance), 
; The i n d u s t r i a l a p p l i c a t i o n s -. i n , the manufacturing-
' bit • c o l o r i m e t e r s - of the ' i n d e t e r m i n a t i o n . brought 
.abouf/.by . metamerism and the most i m p o r t a n t types of 
c o l o r i m e t e r s and spect r o p h o t o m e t e r s have been r e -
viewed. 
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1,2, The n a t u r e of melanin p i g m e n t a t i o n . 
The s k i n c o n s t i t u t e s the boundary between an organ-
ism and the o u t s i d e w o r l d and i t s main f u n c t i o n s 
are i n accordance w i t h t h a t . The s k i n , p a r t i c u l a r l y 
t h e e p i d e r m i s , p r o t e c t s the body a g a i n s t mechanimal 
pr e s s u r e and p r o v i d e s a b a r r i e r a g a i n s t UV r a d i a t i o n 
and t h e organisms of disease. I n a d d i t i o n , i t s im-
p e r m e a b i l i t y p r o v i d e s r e s i s t a n c e a g a i n s t p e n e t r a t i o n 
by water and r e s t r i c t s water l o s s , h e l p i n g t o con-
( 1 ) 
serve the m o i s t u r e of u n d e r l y i n g t i s s u e s , The 
lower l a y e r s of the s k i n , dermis and i n f e r i o r e p i -
dermis , perform a sensory r o l e by means of nervous 
r e c e p t o r s of t o u c h , p a i n , heat and c o l d . R e g u l a t i o n 
o f body temperature i s c a r r i e d out by c o o l i n g 
t h r o u g h i n c r e a s e d blood f l o w i n t h e v e s s e l s of t h e 
s k i n and by evaporation- of the watery s e c r e t i o n of 
t h e sweat glands. Another i m p o r t a n t f u n c t i o n i s 
m e t a b o l i c , i , e , c o n t r i b u t i n g t o t h e e l e c t r o l y t e 
balance (balance of sodium and potasium s a l t s i n 
t h e body f l u i d s ) , or f o r m i n g v i t a m i n D from c h o l e s -
t e r o l when i r r a d i a t e d w i t h U\l l i g h t . But apart from 
a l l these f u n c t i o n s , the s k i n i s - i n i t s upper 
l a y e r - the seat of the substances ( g e n e r a l l y c a l l e d 
p igments) which are the main r e s p o n s i b l e f o r the 
c o l o u r of humans, which i n t u r n i s d i r e c t l y r e l a t e d 
t o t h r e e o f t h e aforementioned f u n c t i o n s - t h a t of 
p r o t e c t i o n a g a i n s t UV r a d i a t i o n , t h e t h e r m o r e g u l a t o r y 
and t h a t of s y n t h e s i s of v i t a m i n D - as w i l l be shown. 
The t o t a l t h i c k n e s s of the s k i n presents wide r e -
g i o n a l v a r i a b i l i t y (from l e s s t h a n 0,1 mm up t o 3 or 
even 4 mm). I t i s g e n e r a l l y t h i c k e r on extensor than 
on f l e x o r s u r f a c e s , but i s t h i c k e s t on the soles of 
t h e f e e t and the palms of the hands, where the wear 
( l ) The e p i d e r m i s i s i n g e n e r a l impermeable t o e l e c t r o -
l y t e s , but most gases and l i q u i d s pass t h r o u g h i t 
e a s i l y . E s p e c i a l l y i m p o r t a n t i s t h e d i f u s s i o n of oxy-
gen and carbon d i o x i d e inwards and outwards r e s p e c t -
i v e l y . 
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and t e a r i s maximal. Of the tiuo main l a y e r s which • 
c o n s t i t u t e t h e s k i n ( f i g . 1.2-1), t he most super-
f i c i a l - t h e ep i d e r m i s - c o n s i s t s of a s t r a t i f i e d 
e p i t h e l i u m which, a f t e r s u p r e s s i o n or d e c o l o u r a t i o n 
of i t s brown pigment ( m e l a n i n ) , i s r e p o r t e d t o ap-
pear as a t r a n s p a r e n t , g r a y i s h - w h i t e membrane 
(Duchon e t a l , , 1968), The epidermis may be sub-
d i v i d e d i n t o two main groups of l a y e r s , of uihich 
the upper ( c o n s i s t i n g of t h r e e d i f f e r e n t s t r a t a ) i s 
c o n t i n u a l l y being worn away by usage at the s u r f a c e , 
w h i l e t h e lower one ( c o n s i s t i n g of two d i s t i n c t 
s t r a t a ) has t h e r o l e of c r e a t i n g - by m i t o t i c p r o -
l i f e r a t i o n - t h e c e l l s necessary f o r the maintenance 
of t h e upper s t r a t a . I t i s t r a v e r s e d by the ducts of 
sweat and sebaceous glands and by h a i r f o l l i c l e s , 
where these are pr e s e n t . I n acco u n t i n g f o r the wide 
range of hues and c o l o u r s i n t h e s k i n of the v a r i o u s 
races o f man t h e d i s t r i b u t i o n t h r o u g h t he epidermis 
of t h e brown chr o m o p r o t e i n pigment known as mel^^nin 
i s o f v i t a l i m portance. I t i s manufactured and as-
sembled i n s p e c i a l i z e d o r g a n e l l e s w i t h i n t h e G o l g i 
area o f t h e cytoplasm i n some of the d e n d r i t i c c e l l s 
of t h e lower l a y e r of the e p i d e r m i s . These c e l l s are 
th e melanocytes. 
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Pig. 1.2-1. Layers or the s k i n ; a diagrammatic representa-
t i o n . ( A l t e r Wright, 1977). 
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The e p i d e r m i s r e s t s on a f o u n d a t i o n of f i r m 
c o n n e c t i v e t i s s u e - t h e dermis or corium - i n which 
bundles of c o l l a g e n o u s f i b r e s are i n t e r m i n g l e d w i t h 
a mesh of e l a s t i c t i s s u e , which i s p a r t i c u l a r l y w e l l 
marked at t h e s u r f a c e o f c o n t a c t w i t h t h e epi d e r m i s . 
T h i s arrangement becomes i m p o r t a n t i n anchoring the 
e p i d e r m i s t o t h e s u b j a c e n t dermis. At the base of 
the dermis man has a w e l l developed l a y e r of f a t t y 
t i s s u e . S u p e r f i c i a l l y , among h e a v i l y pigmented rac e s , 
the dermis may c o n t a i n granules of melanin and i s 
always t h e seat o f s u d o r i f e r o u s and sebaceous glan d s , 
i n a d d i t i o n t o c o n t a i n i n g h a i r f o l l i c l e s , nerves and 
the most s u p e r f i c i a l o f the blood v e s s e l s . Hair 
f o l l i c l e s and g l a n d s are i n f a c t epidermal s t r u c t u r e s 
produced as downgrowths from the lower l a y e r ( s t r a t u m 
g e r m i n a t i v u m ) o f t h e e p i d e r m i s , i n the spaces between 
th e dermal p a p i l l a e . Sebaceous and sweat glands o r i -
g i n a t e as appendages of h a i r f o l l i c l e s . Since p a r t 
of t h e l i g h t o f t h e v i s i b l e (UL) r e g i o n p e n e t r a t e s 
i n t o t h e dermis ( f i g . 1.2-2), blood - e s p e c i a l l y among 
Whites - and dermal melanin c o n t r i b u t e a l s o t o im-
p a r t i n g c o l o u r t o the s k i n . The f i r s t one i m p a r t i n g 
a f a i n t , p i n k c o l o u r t o the s k i n i n v i v o . 
On t h e b a s i s o f t h e d i s t i n c t i v e p h y s i o l o g i c a l 
f e a t u r e s o f the i n t e g r a t i n g c e l l s , f o u r d i f f e r e n t 
s t r a t a used t o be r e c o g n i z e d i n a d i s s e c t i o n of the 
e p i d e r m i s . From below, t h e f i r s t s t r a t u m i s the ger-
m i n a l l a y e r or s t r a t u m germinativum, mostly w i t h two 
k i n d s o f c e l l s : d e n d r i t i c and p o l y g o n a l l y shaped. 
This s t r a t u m i s now c u r r e n t l y s u b d i v i d e d i n t o two: 
a o n e - c e l l t h i c k l a y e r , where most of the p r o l i f e r -
a t i o n necessary f o r c e l l replacement takes place (ba-
s a l l a y e r ) , and a t h i c k e r one ( p r i c k l e c e l l l a y e r ) , 
which d e r i v e s i t s name from the thorn-bush l i k e ap-
pearance c o n f e r r e d on i t by the i n t e r c e l l u l a r b r i d g e s 
and t o n o f i b r i l s i n t e r w e a v e d between the p r i c k l e c e l l s . 
These c e l l s are s p e c i a l i z e d i n s t r u c t u r e (and by kara-
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F c N c n o M o r W A V I L Z N O T H . The curves N and W 
indicate for Se^o and White skin, respectively, 
rough tttimattt of depths at which radiation of the 
correspondini; wavelengths is reduced to 5 per cent 
of it! incident value. There are insufficient data to 
make more than rou^h estimates, and these curves 
should be ret^arded as suin;estive rather than in any 
w a y e x a c t . 
D 1 A C K A W U . M I C R Z P R E S E N T A T I O N O F -SK I N 
ST S U C T L - K E S . .\ schematized conception in which the 
dimensions should not be taken as generally represen-
tative, since the skin may vary widely in its thickness, 
c , comeum, Le. homy layer of epidermis, m, malpigh-
tan layer of epidcnnis. sw., sweat gland, seb., 
sebaceous gland, p, the most superficial blood vessels, 
arterioles, capillaries, and venules, h, hair follicle, s, 
hair shaft. 
P i g . 1.2-2, The penetration of s o l a r r a d i a t i o n into hiunan 
B)^ln. ( a ) . Penetration of l i g h t into human s k i n as a tunctlon 
of waTeleneth. ( b ) . Diagraramatlc re p r e s e n t a t i o n or s k i n s t r u c -
t u r e s . ( A f t e r Blum, 1961). 
t i n i z a t i o n ) and they can not d i v i d e . The c e l l s i n 
the basal l a y e r (stem c e l l s ) have no i n p u t from else-
where and - t o g e t h e r w i t h some among those l y i n g im-
m e d i a t e l y above the basal l a y e r (parabasal c e l l s ) -
are s u b j e c t t o a c t i v e , i n t e r m i t t e n t , r e g i o n a l l y 
v a r i a b l e m i t o t i c p r o l i f e r a t i o n . Half of the c e l l s 
generated under each m i t o t i c c y c l e migrates t o the 
s u r f a c e undergoing p r o g r e s s i v e d i f f e r e n t i a t i o n ( c o r -
n i f i c a t i o n or k e r a t i n i z a t i o n ) along the way. Wright 
(1977) emptnesized t h e t r a n s i t - c o m p a r t m e n t c h a r a c t e r 
of t h e u p - t o - t h e - s u r f a c e f o l l o w i n g l a y e r s , whose 
c e l l m a t e r i a l d i r e c t l y proceeds from the germinal 
l a y e r and i s c o n t i n u a l l y b eing d i s p l a c e d upwards by 
newer, incoming c e l l s . Among those s t a y i n g i n the 
basal l a y e r , o n l y a c e r t a i n p r o p o r t i o n are p r o l i f e r -
a t i v e at any one t i m e ; t h e r e s t leave the c y c l e , 
moving i n t o a r e s t i n g phase, i n which they are 
q u i s c e n t but s t i l l p o t e n t i a l l y f e r t i l e , and from 
which they can r e t u r n i n t o the c y c l e i n times of i n -
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creased c e l l demand. The p o l y g o n a l c e l l s c o n t i n u e 
i n t o the M a l p i g h i a n l a y e r ( t h e t o p s u b d i v i s i o n of 
t h e s t r a t u m g e r m i n a t i v u m ) where, as k e r a t i n o c y t e s , 
they appear now i n the company of c e l l s provided 
w i t h s l e n d e r and e l a b o r a t e l y b r anching processes 
( d e n d r i t i c c e l l s ) . Most of these c e l l s are melano-
c y t e s , s e c r e t o r s of m e l a n i n , and around each of them 
a group of k e r a t i n o c y t e s appears arranged as a p o o l , 
f o r m i n g what i s c a l l e d an e pidermal melanin u n i t . 
Every melanocyte i s i n c o n t a c t w i t h each of the 
c e l l s i n i t s pool t h r o u g h a b r a n c h i n g process, ended 
by an expansion which i s a p p l i e d as a cap t o the 
k e r a t i n o c y t e ' s s u r f a c e ( f i g . 1.2-3). I n the c y t o -
plasm of the melanocytes g r a n u l e s of a dark sub-
stance ( m e l a n i n ) are produced, which - a f t e r a c t i -
v a t i o n of t h e melanocyte - are t r a n s m i t t e d along the 
b r a n c h i n g processes t o the cap. From t h e r e , the mel-
a n i n p a r t i c l e s (melanosomes) are e i t h e r i n n o c u l a t e d 








T T W S I N t —OOPA—DOPAQUINONE — MELANIN 
P i g . 1.2-3. B i o l o g i c a l c o n t r o l of roelanogenesis i n the epider-
mal melanin u n i t . ( A f t e r Pathak, 1967). 
l a y e r (Magnin, 1969). I t seems l i k e l y t h a t the 
M a l p i g h i a n c e l l ( k e r a t i n o c y t e ) may play an a c t i v e 
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r o l e i n c o n t r o l l i n g the s y n t h e s i s of melanin gran-
u l e s by the melanocytes ( F i t z p a t r i c k , 1964). Once 
i n s i d e the k e r a t i n o c y t e , the melanosomes form a 
p o l a r cap or p e r i k a r y o n around the nucleus of the 
o r d i n a r y basal c e l l s , f o r p r o t e c t i o n a g a i n s t UU 
r a d i a t i o n (as w i l l be shown l a t e r ) . I n black s k i n s , 
however, the cytoplasm may be f i l l e d w i t h melanin 
g r a n u l e s , and not o n l y t h e c e l l s i n t h e s t r a t u m 
germinativum but a l s o those i n s u p e r i o r s t r a t a con-
t a i n melanin g r a n u l e s . 
The next l a y e r , o n l y two or t h r e e c e l l s deep, i s 
c a l l e d t h e g r a n u l a r l a y e r or s t r a t u m granulosum. 
T h i s c o n s i s t s of f l a t t e n e d c e l l s whose cytoplasm 
c o n t a i n s an abundance of g r a n u l e s of a c o l l o i d ma-
t e r i a l ( k e r a t o h y a l i n ) which i s b e l i e v e d t o be the 
p r e c u r s o r of k e r a t i n - the horny m a t e r i a l which i s 
e s p e c i a l l y abundant i n t h e upper s t r a t u m of the 
e p i d e r m i s . The g r a n u l a r l a y e r , t o g e t h e r w i t h the 
e l a s t i c t i s s u e of t h e dermis, seems t o i m p a r t p l i -
a b i l i t y and r e s i l i e n c e t o t h e s k i n , so t h a t i t can 
- by s t r e t c h i n g - adapt t o t h e movements of the body. 
Next comes the s t r a t u m l u c i d u m , which has a c l e a r , 
t r a n s l u c e n t appearance i n s t a i n e d s e c t i o n s . Here, 
c e l l boundaries and n u c l e i have l o s t t h e i r c l e a r - c u t 
o u t l i n e , w h i l e t h e k e r a t o h y a l i n g r a n u l e s of the sub-
j a c e n t s t r a t u m have become t r a n s f o r m e d i n t o l a r g e r 
masses of an achromatic substance. 
The s u r f a c e s t r a t u m , horny l a y e r or s t r a t u m 
corneum, o f t e n forms the g r e a t e r p a r t of the t o t a l 
e p i d e r m a l t h i c k n e s s . The n u c l e i are no l o n g e r e v i d e n t , 
and from below upwards t h e f l a t t e n e d c e l l s are gradual-
l y c o n v e r t e d i n t o c o r n i f i e d f l akes.^On t h e i r way t o 
t h e s u r f a c e , the epidermal c e l l s c a r r y along t h e i r 
melanosomes which i n the s t r a t u m corneum appear not 
as g r a n u l e s but as f i n e , i r r e g u l a r , pigmented par-
t i c l e s . They r e g u l a r l y f r e c k l e t h e horny l a y e r of 
Blacks but not of Whit es, except d u r i n g a v a r i a b l e 
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p e r i o d a f t e r exposure t o i o n i z i n g or UU r a d i a t i o n ' 
(or any o t h e r a c t i v a t i n g a g e n t ) . Apart from melanin-
b e a r i n g p a r t i c l e s , t h e remains of decomposed hea-
moglobin can at t i m e s be found i n t e r s p e r s e d w i t h the 
k e r a t i n i z e d , s c a l e - l i k e c e l l s . Thus, over f i f t y per 
cent of the c o n t e n t s o f the c e l l s i n the s t r a t u m 
corneum i s s o f t k e r a t i n e , w i t h more water than 
e i t h e r i n horn or h a i r and provided w i t h very r e -
s i s t a n t c e l l - w a l l s . Two d i f f e r e n t k i n d s of k e r a t i n , 
b o t h s t r o n g l y r e s i s t a n t t o acids and a l k a l i e s , are 
i n c l u d e d . 
Some of t h e d e n d r i t i c c e l l s belong t o the type 
known as Langherans c e l l s , w h i l e o t h e r s are vaguely 
c l a s s e d as i n d e t e r m i n a t e (Magnin, 1969), Although 
t h e r o l e and o r i g i n o f these c e l l s are not e x a c t l y 
understood yet^"*" , t h e t h i r d type are s e c r e t o r y , 
c e l l s d e r i v e d from t h e n e u r a l c h r e s t and the o u t e r 
l a y e r of t h e o p t i c cup as melanoblasts, and t r a n s -
formed i n t o melanocytes w i t h the onset of melanin 
p r o d u c t i o n i n t h e M a l p i g h i a n l a y e r . The melanocytes 
m i g r a t e d u r i n g n e o n a t a l l i f e t o t h r e e p r i n c i p a l 
s i t e s : l ) t h e epidermal-dermal j u n c t i o n of the 
( 2 ) 
(next page) skin^"'^ and mucous membrane, and the h a i r b u l b , 
2 ) t h e c e n t r a l nervous system ( e s p e c i a l l y the l e p t o -
meninges) and 3) t h e eye ( t h e uveal t r a c t and the 
r e t i n a ) . A l l t h r e e are commonly grouped t o g e t h e r as 
t h e melanocyte system. D i f f e r e n t from a l l o t h e r c e l l 
t y p e s , t h e melanocyte i s a s p e c i a l i z e d c e l l p r ovided 
( 1 ) The Langerhans c e l l s have by some t r a d i t i o n a l l y been 
t h o u g h t o f as worn-out melanocytes on t h e i r way t o 
d i s p o s a l a t t h e surface,- More r e c e n t l y (Zeiickajon et 
a l , , 1968), i t has been suggested t h a t they can be-
come a c t i v e melanocytes a t t e r i n t a k e of U U - r a d i a t i o n , 
To some o t h e r s t h e y are t o t a l l y independent from t h e 
melanocyte l i n e a g e , and, s p e c i f i c a l l y , Breathnach and 
W y l l i e (1967) are o f t h e o p i n i o n t h a t they have the 
f u n c t i o n of i n f l u e n c i n g somehow the s u r r o u n d i n g k e r a -
t i n o c y t e s (perhaps by l o o s e n i n g t h e i r i n t e r c e l l u l a r 
a ttachments and even phagocyting p o r t i o n s of t h e i r 
c y t o p l a s m s ) . 
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w i t h two or more d e n d r i t i c processes ( f i g . 1.2-3 ) 
and c o n t a i n i n g , i n i t s pigmented phase, bunches of 
y e l l o w - o r a n g e or dark brown t o b l a c k c y t o p l a s m i c 
(2 ) 
g r a n u l e s . The melanocyte possesses m i t o t i c 
a c t i v i t y (Szabd, 1967), a l t h o u g h i t does not d i v i d e 
as o f t e n as t h e k e r a t i n o c y t e s . 
Those g r a n u l e s , t h e melanosomes, are l o c a t e d 
w i t h i n t h e G o l g i body. I n them, eumelanins are formed 
by the a c t i o n of a c o p p e r - c o n t a i n i n g aerobic oxidase 
enzyme ( t y r o s i n a s e ) on two aminoacids - monphenol 
( t y r o s i n e ) and d i h y d r o x i p h e n d l (DOPA) - ( f i g . 1.2*4), 
and d e p o s i t e d i n a m a t r i x c o n s t i t u t e d by a f l a t 
l a t t i c e - l i k e sheet of i n t e r c r o s s e d compound f i b r e s , 
r o l l e d - u p l i k e a rug i n order t o g i v e the mature 
g r a n u l e i t s t h r e e - d i m e n s i o n a l form ( F i t z p a t r i c k et 
a l . , 1967). The end product i s , p h y s i c a l l y , a dark, 
s p h e r i c a l or e l l i p s o i d o r g a n e l l e (0.5-1.0 ; j i n l e n g t h , 
0.2-0.3 ju i n d i a m e t e r ) surrounded by a u n i t membrane, 
t h a t has a r e g u l a r i n t e r n a l p a t t e r n of dense p a r t i c l e s 
d e p o s i t e d w i t h a c h a r a c t e r i s t i c p e r i o d i c i t y o f 90 A 
by 54 A (Duchon e t a l . , 1968). 
( 2 ) Melanocytes may a l s o o c c u r r i n t h e dermis of l i g h t l y 
and moderately pigmented i n d i v i d u a l s as groups of 
c e l l s s c a t t e r e d t h r o u g h the dermal c o n n e c t i v e t i s s u e 
(Mongolian s p o t ) or as compact c e l l u l a r masses ( b l u e 
n e v i ) . They may p r o b a b l y be e x p l a i n e d as m i g r a t o r y 
melanocytes a r r e s t e d i n t h e i r course from the n e u r a l 
c r e s t . 
Both pigments (phaeomelanins and eumelanins) are 
present i n human h a i r , but o n l y eumelanins (dark 
brown t o b l a c k ) have u n t i l now been demonstrated i n 
s k i n and eyes. 
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P i g . 1.2-4. The tyrosine-to-melanin pathway. ( A f t e r Duchon et 
a l . , 1968). 
C h e m i c a l l y , eumelanins (or DOPA-melanins, as 
they are a l s o c a l l e d ) are h i g h - m o l e c u l a r - w e i g h t 
polymers of - among o t h e r s - quinone and i n d o l e 
groups, o r g a n i z e d i n d i f f e r e n t k i n d s of r e s i d u e s 
(monomers) which are l i n k e d i n a v a r i e t y of ways. 
Eumelanins are i n s o l u b l e i n most s o l v e n t s , r e s i s t -
ant t o chemical t r e a t m e n t and have a c o m p l i c a t e d , 
i r r e g u l a r , chemical s t r u c t u r e ; they c o n t a i n metal 
i o n s - copper and z i n c , f i r s t l y , but also i r o n , 
manganese, t i t a n i u m , c o b a l t , n i c k l e and molybdenum 
- and can r e a c t w i t h o t h e r s . They possess f r e e -
r a d i c a l c h a r a c t e r and present paramagnetism (Duchon 
et a l . , 1968). DOPA-melanin polymers appear f i r m l y 
bound t o a p r o t e i n ( a l s o c o n t a i n e d , w i t h other sub-
s t a n c e s , w i t h i n t h e melanosome), f o r m i n g what i s 
c a l l e d a m e l a n i n - p r o t e i n complex. 
Much l e s s i s known about the c h e m i s t r y and forma-
t i o n of phaeomelanins, the yellow-orange substance, 
c l o s e l y r e l a t e d t o t h e DOPA-melanins, which are 
found i n human h a i r . They are e q u a l l y formed as 
g r a n u l e s i n melanocytes and - c o n t r a r i l y t o the 
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eumelanins - are s o l u b l e i n d i l u t e a l k a l i e s . Phaeo-
melanins have been found t o c o n t a i n i r o n (whence 
the a l t e r n a t i v e name t r i c h o s i d e r i n e s ) and su l p h u r , 
and t h i s l a s t f a c t - i n c ombination w i t h chemical and 
r e f l e c t r o p h o t o m e t r i c r e s e a r c h - l e d P r o t a and Nico-
l a u s (1967) t o demonstrate t h a t they are formed i n 
v i v o by a d e v i a t i o n o f the eumelanin pathway. The 
r e a c t i o n i n v o l v e s i n t e r a c t i o n of c y s t e i n e (a -SH 
c o n t a i n i n g compound) w i t h one or s e v e r a l quinones 
produced i n the o x i d a t i o n o f DOPA. They f u r t h e r con-
c l u d e d t h a t the r e d - t o - v i o l e t c o l o u r s of the com-
pound are merely produced by m o d i f i c a t i o n of the ' 
yel l o w - o r a n g e pigment d u r i n g a c i d e x t r a c t i o n . 
The enzyme t y r o s i n a s e has a wide d i s t r i b u t i o n 
t h r o u g h o u t t h e p h y l o g e n e t i c s c a l e ( p l a n t and animals) 
and seems t o be s y n t h e s i z e d i n the ribosomes of the 
cytoplasm and t r a n s f e r r e d - v i a the endoplasmic r e -
t i c u l u m (ER) - t o t h e G o l g i area, where, t o g e t h e r 
w i t h p r o t e i n m o i e t i e s , i t i s assembled i n t o u n i t s 
surrounded by a membrane envelope (stage I melano-
some). The enzyme seems t o have two d i f f e r e n t ac-
t i v i t y c e n t r e s , one c a t a l y z i n g the r e a c t i o n from 
t y r o s i n e and the o t h e r f o r the r e a c t i o n from DOPA. 
Copper p l a y s an e s e n t i a l r o l e i n both a c t i v i t i e s . 
I t s r e a c t i o n w i t h the s u l p h y d r i l groups, -SH, pre-
sent i n d i f f e r e n t substances i n the s k i n , i n a c t i -
v a t e s t h e t y r o s i n a s e and bl o c k s melanin f o r m a t i o n . 
A melanosome can e x i s t i n any of f o u r d i f f e r e n t 
s t a g e s , o f which t h e f i r s t t h r e e sho^ w d o p a - p o s i t i v e 
r e a c t i o n . The stage I melanosome has no r e c o g n i z a b l e 
i n t e r n a l s t r u c t u r e , but t h i s has become c l e a r l y d i s -
t i n c t i v e i n stage H. The stage I I I melanosome shows 
a v a r i a b l e degree o f m e l a n i z a t i o n , w h i l e a stage l\J 
melanosome i s a f u l l y melanized g r a n u l e . Tyrosinase 
a c t i v i t y ceases d u r i n g t h i s stage. (Szabd et a l . , 
1971). 
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A p a r t from t h e proper Bpidermis-demis j u n c t i o n , 
m e l a n i n e x i s t s a l s o i n c e r t a i n p a r t s o f t h e h a i r 
f o l l i c l e s and t h e eyes^^^. I n o r d e r t o study i t s 
d i s t r i b u t i o n , i t becomes necessary b r i e f l y t o r e -
view t h e anatomy o f t h e s e areas. 
The h a i r f o l l i c l e s are e p i d e r m a l p i t s produced 
as downgrovuths from t h e g e r m i n a l l a y e r . The f o l l i c l e 
o r s h e a t h where t h e a c t u a l h a i r i s embedded, con-
s i s t s o f an o u t e r s h e a t h ( r e a l l y a c o n t i n u a t i o n o f 
th e p o l y g o n a l c e l l s o f t h e e p i d e r m i s ) and an i n n e r 
s h e a t h . Both expand doiunwards i n t o a b u l b , w i t h 
p o l y g o n a l and columnar c e l l s , which s l i g h t l y i n -
v a g i n a t e s i t s f r e e end t o form a s m a l l v a s c u l a r 
p a p i l l a ( f i g . 1.2-5). The purveyance o f n u t r i e n t s 
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Inner sheath 
O u t e r sheath J 
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P i g . 1.2-5- T e r t i c e l e e c t i o i i of B wool f o l l i c l e i n the sheep. 
( A f t e r fiyder, 1 9 7 3 ) . 
from t h e bl o o d v e s s e l s t o t h e h a i r t a k e s p l a c e 
t h r o u g h t h e p a p i l l a and along t h e sheath. The 
h a i r s h a f t i t s e l f , as w e l l as t h e i n n e r s h e a t , 
grows from t h e b u l b by a c t i v e p r o l i f e r a t i o n o f 
i t s c e l l s . A h a i r s h a f t i s composed o f t h r e e 
c o n c e n t r i c p a r t s : a t h i n c u t i c l e , an i n n e r 
( l ) Melanosomes may be found as w e l l i n t h e p a r a t h y r o i d , 
thymus, o v a r y , s p l e e n and a d r e n a l medulla. 
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c o r t e x and the c e n t r a l medulla. The c u t i c l e i s made 
of t h i n , f l a t , s c a l e - l i k e , u s u a l l y unpigmented,over-
l a p i n g c e l l s . The i n n e r c o r t e x has rounded and l o n g i -
t u d i n a l l y e l o n g a t e d pigmented c e l l s . The c e n t r a l med-
u l l a , which, may be absent, i s f i l l e d l u i t h c e l l s of 
i r r e g u l a r shape which may leave minute a i r bubbles 
i n between. As the h a i r grou/s away from the b u l b , the 
c e l l s of the c o r t e x become p r o g r e s s i v e l y elongated i n 
shape. These changes are a s s o c i a t e d w i t h the k e r a t i n -
i z a t i o n process, i n i t i a t e d i n the c u t i c l e , l e a d i n g t o 
t h e g r a d u a l hardening and f i n a l death of the c e l l s . 
Melanocytes i n h a i r f o l l i c l e s are mainly l o c a l i z e d 
i n t h e o u t e r sheath, where they have immigrated from 
t h e e p i d e r m i s . The c o r t e x , which - i n most cases -
makes the g r e a t e r p a r t of the h a i r body, c o n s i s t s 
m a i n l y of k e r a t i n i z e d c e l l s w i t h a i r - f i l l e d spaces i n 
between ( f u s i , more numerous and b i g g e r i n t h i c k 
h a i r ) . These, which are u s u a l l y t h e o n l y melanin-con-
t a i n i n g c e l l s , a c q u i r e t h e i r melanosomes from t h e 
upper p o r t i o n of t h e m a t r i x of the h a i r bulb by phago-
c y t i n g t h e d e n t r i t i c processes of t h e n e i g h b o u r i n g 
melanocytes. W i t h i n t h e new c e l l , t h e c e l l - w a l l of 
t h e process disappears and the melanosomes d i s p e r s e 
t h r o u g h t h e cytoplasm. 
I n human h a i r and h a i r f o l l i c l e s , melanosomes of 
t h r e e d i f f e r e n t k i n d s appear. Two of them, presumab-
l y , belong t o t h e same l i n e a g e (eumelanins) and pre-
dominate i n b l a c k and blond h a i r , w h i l e the t h i r d -
whose d i f f e r e n t shape presumably b e t r a y s a d i f f e r e n t 
c h e m i c a l s t r u c t u r e (phaeomelanins) - i s r e s p o n s i b l e 
f o r r e d h a i r . I n black and brown h a i r the melanosomes 
are f l a t t e n e d and l o n g i t u d i n a l l y e l o n g a t e d . IVhen they 
are b i g (0.8 p or more) and very abundant the h a i r 
appears b l a c k or dark brown, w h i l e i f they are fewer 
i n number and s m a l l e r the h a i r appears non-red bl o n d . 
'Blond' melanosomes are l e s s dense than 'dark' and 
remind one of these i n t h e i r f o r m a t i v e stages 
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( B i r b e c k 4 B a r n i c o t , 1959). Non-reddish blond h a i r 
seems merely t o be t h e r e s u l t of a d i m i n u t i o n i n 
both t h e number of melanosomes produced and the 
completeness of t h e i r m e l a n i z a t i o n . When the mela-
nosomes are s p h e r i c a l and s m a l l (0.5 / j or l e s s ) the 
h a i r t akes i n a red hue. The i n t e r n a l s t r u c t u r e i s 
again more d i s c e r n i b l e t h a n i n 'dark' melanosomes 
and t h e boundary of t h e g r a n u l e i s o f t e n i l l - d e f i n e d 
and i r r e g u l a r . An i n d i v i d u a l ' s h a i r may c o n t a i n both 
s p h e r i c and e l o n g a t e d g r a n u l e s , the most abundant 
p a r t i a l l y masking t h e e f f e c t produced by the o t h e r s . 
Ash blond h a i r , f o r i n s t a n c e , has o n l y 'blond' mela-
nosomes, w h i l e golden b l o n d h a i r c o n t a i n s both 
'blond' and 'red' melanosomes and dark brou/n h a i r 
c o n t a i n s ' b l a c k ' and ' r e d ' melanosomes ^ \ Lack of 
m e l a n i z a t i o n of t h e g r a n u l e s and/or absence of mela-
(2) 
nosomes from the c o r t i c a l c e l l s ^ ' e x p l a i n a l b i n o 
and w h i t e h a i r . 
Metals p r o b a b l y p l a y an i m p o r t a n t r o l e . The f a c t 
t h a t they r e p l a c e each o t h e r i n s m a l l groups along 
the c h r o m a t i c s e r i e s suggests some s o r t of c o r r e -
spondence between t h e i r chemical r o l e s i n the com-
pound and i t s c o l o u r ^ ' ^ ^ 
The medulla a l s o c o n t r i b u t e s t o c o l o u r . I n gen-
e r a l , o n l y t h i c k e r h a i r s have a medulla. The v a r i -
( 1 ) A l l t h i s p a r a l l e l i z e s very c l o s e l y Gardner and Adam's 
c o n c l u s i o n s (1934). (See s e c t i o n \ / I I . 2 ) . 
( 2 ) A l b i n o melanosomes e x i s t i n melanocytes of the bulb 
m a t r i x , but i t i s u n c e r t a i n whether they are passed 
t o t h e c o r t i c a l c e l l s . They are more numerous but 
l e s s formed than i n b l o n d h a i r ( B i r b e c k & B a r n i c o t , 
1959), presumably owing t o i n h i b i t i o n of the t y r o s i n -
ase. I n w h i t e h a i r , t h e melanosomes seem t o have d i s -
appeared from t h e b u l b and from the sheath, w h i l e the 
a i r bubbles appear acc e n t u a t e d (Le Gros Cla r k , 1958). 
(3) White h a i r of any race i s abundant i n l \ l i . Among Cau-
c a s o i d s , golden and brown h a i r are r i c h i n Ti and Mo, 
w h i l e i n b l a c k h a i r these two have become scarce and 
p a r t i a l l y s u b s t i t u t e d by Cu, Co and Fe. Black Negro 
h a i r i s o n l y r i c h i n Cu and Fe (Gates, 1961). 
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o u s l y s i z e d , a i r - f i l l e d spaces l e f t i n between t h e 
k e r a t i n i z e d c e l l s a c t i v e l y r e f l e c t t h e l i g h t which 
reaches them. Mongoloid h a i r , f o r i n s t a n c e , has t h e 
b i g g e s t m e d u l l a o f a l l and b i g i n t e r c e l l u l a r spaces, 
w h i l e t h a t o f Pygmies and N e g r i t o e s e i t h e r has no 
m e d u l l a or i t i s s m a l l (as i n c h i l d r e n ) . I n sen-
escence, a t r o p h y o f t h e c e l l s i n t h e m e d u l l a r y c a v i -
t y , a s s o c i a t e d w i t h l o s s o f pigment and - e v e n t u a l l y -
w i t h an i n c r e a s e i n t h e number of m e d u l l a r y a i r -
spaces, makes t h e h a i r appear w h i t e . 
The human eye i s r o u g h l y s p h e r i c a l i n shape and 
i t - i s bounded by t h r e e d i s t i n c t l a y e r s of t i s s u e 
( f i g . 1.2-6). The o u t e r , f i b r o u s l a y e r or s c l e r o t i c 
c o a t , i s e x t r e m e l y dense and hard, F r o n t a l l y , i t i s 
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P i g . 1.2-6. The hxjnar. eye. ( a ) . 1 compariB.-'n of a Banmal eve 
with a camera. The tjt l a ahown foeuaed on a a i a t a n t object , 
( — ) and on a near object ( - - ) . ( b ) . l a y e r s of the eye. 
c o n t i n u o u s u r i t h t h e a l s o f i b r o u s , p e r f e c t l y t r a n s -
p a r e n t cornea, which admits l i g h t i n t o t h e i n t e r i o r 
o f t h e eye (ben d i n g t h e ra y s so t h a t they can be 
focused) S e c r e t i o n from t h e t e a r glands keeps t h e 
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s u r f a c e of the cornea moist and d u s t f r e e . Among 
Whites, the s c l e r o t i c a i s w h i t e (except when i r r i -
t a t e d by d u s t , smoke, e t c ) , but among very pigmented 
i n d i v i d u a l s ( a s , f o r i n s t a n c e . Blacks or A u s t r a l i a n 
a b o r i g i n e s ) i t may be s p o t t e d w i t h s u p e r f i c i a l mela-
nosomes. 
The middle l a y e r o f t h e eye, the c h o r o i d c o a t , 
t h i n and p i e r c e d behind by the o p t i c nerve, i s deep-
l y pigmented w i t h melanin and abundantly s u p p l i e d 
w i t h blood v e s s e l s . I t has the r o l e of absorbing or 
damping t h e r e f l e c t i o n of s t r a y l i g h t rays w i t h i n 
t he eye. T h i s f u n c t i o n i s comparable w i t h t h a t of 
t h e black p a i n t w i t h i n a camera. I n the f r o n t of the 
eye, t h e c h o r o i d c o n t i n u e s i n t o the c i l i a r y body and 
the i r i s . The i r i s , t h i n and c i r c u l a r - s h a p e d , has a 
c e n t r a l opening of v a r i a b l e s i z e c a l l e d the p u p i l , 
which i s c o n t r a c t i l e and r e a c t s a u t o m a t i c a l l y t o 
v a r i a t i o n s i n t h e amount of incoming l i g h t , i t s f u n c -
t i o n being s i m i l a r t o t h a t of a camera's i r i s d i a -
phragm. The c o l o u r o f t h e i r i s , p o p u l a r l y known as 
the c o l o u r o f the eye, i s due t o the l i g h t r e f l e c t e d 
by t h e pigment g r a n u l e s l o c a t e d i n the melanocytes 
of t he i n n e r ( s t r o m a ) and o u t e r l a y e r s of the i r i s 
( i n some cases between them as w e l l ) . These melano-
c y t e s are ' c o n t i n e n t ' - they do not extrude t h e i r 
melanosomes i n t o o t h e r c e l l s , but r e t a i n them, i n -
s t e a d , w i t h i n themselves. The eyes, where the p i g -
ment of t h e i n n e r l a y e r i s t o t a l l y masked by t h a t of 
t h e o u t e r l a y e r appear l i g h t brown t o black (de-
pending o f t h e amount of pigment i n t h e outer l a y e r ) , 
w h i l e those w i t h o u t a t o t a l masking appear mixed i n 
c o l o u r . T h i s i s due t o d i f f e r e n t i a l t r a n s m i s s i o n of 
l i g h t a c c o r d i n g t o wavelength, w i t h s h o r t e r wave-
l e n g t h s s e l e c t i v e l y s c a t t e r e d and r e f l e c t e d by mela-
n i n g r a n u l e s ( T y n d a l l e f f e c t ) and, consequently, 
adding a s t r o n g b l u i s h tone t o t h e r e f l e c t e d l i g h t . 
I f no pigment i s p r e s e n t i n e i t h e r the o u t e r or t h e 
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i n t e r m e d i a t e l a y e r s , t h e i r i s appears l i g h t b l u e . • 
The i n n e r , d e l i c a t e , nervous membrane of the eye 
i s t h e r e t i n a which c o n t a i n s t h e a c t u a l l i g h t r e -
c e p t o r s , s p e c i a l i z e d c e l l s c a l l e d rods and cones. 
The r e t i n a i s s o f t and s e m i t r a n s p a r e n t , and func-
t i o n s as t h e f i l m i n a camera. F r o n t a l l y a l i g n e d w i t h 
t h e r e t i n a i s the lens - a t r a n s p a r e n t , biconvex body 
l o c a t e d behind the eye. The l e n s i s h e l d i n p o s i t i o n 
by suspensory l i g a m e n t s which a l l o w a c e r t a i n degree 
o f shape p l a s t i c i t y . I t s f u n c t i o n i s analogous to 
t h a t o f t h e l e n s of a camera. I n the c e n t r e of the 
p o s t e r i o r p a r t of the r e t i n a and on the a x i s of the 
eye i s t h e y e l l o w spot or macula l u t e a , provided 
w i t h a c e n t r a l depression - t h e fovea c e n t r a l i s -
t h r o u g h which the dark c o l o u r of the c h o r o i d i s 
seen. The sense of v i s i o n i s most acute here. Between 
t h e l e n s and t h e cornea t h e r e i s an aqueous humor 
and between t h e lens and the r e t i n a a t r a n s p a r e n t , 
• J e l l i y . ^ l i k e v i t r e o u s humor. The p i g m e n t a t i o n of the 
r e t i n a f o l l o w s t h a t of t h e s k i n much more c l o s e l y 
t h a n t h e i r i s does. A l b i n o s l a c k pigment i n t h e i r 
r e t i n a s , and y e l l o w i s h and r e d d i s h s k i n s seem t o 
have s i m i l a r r e t i n a l tones (Coon, 1965). 
The melanocytes are p r e s e n t i n a l l s k i n r e g i o n s 
which have been i n v e s t i g a t e d , r e g a r d l e s s of whether 
t h e y are u s u a l l y covered or n o t . There are , however, 
r e g i o n a l d i f f e r e n c e s i n t h e d e n s i t y of the melano-
c y t i c p o p u l a t i o n - w i t h double t o t r i p l e d e n s i t y i n 
the- head's e p i d e r m i s , e s p e c i a l l y t h e cheeks and the 
f o r ehead ( f i g , 1.2-7). These r e g i o n a l d i f f e r e n c e s are 
s-yntwet r i b a l l y d i s t r i b u t e d t h r o u g h o u t the body i n each 
i n d i v i d u a l . No s i g n i f i c a n t d i f f e r e n c e s have been 
found between sexes or between races i n the epidermic 
d i s t r i b u t i o n of melanocytes (Szabd, 1959). There are, 
however, i n t e r r a c i a l d i f f e r e n c e s i n the degree of 
m e l a n i z a t i o n of the melanosomes, t h e i r s i z e , d i s t r i -
b u t i o n w i t h i n the k e r a t i n o c y t e s ( i n complexes or i n d i -
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v i d u a l l y ) (SzabiS, 1971 ) . Regional and i n t e r r a c i a l 
d i f f e r e n c e s e x i s t as w e l l i n t h e i n t e n s i t y of dopa 
and t y r o s i n e r e a c t i o n s , which p r e s e n t s i m i l a r d i s t r i -
b u t i o n s and more i n t e n s e r e a c t i o n s i n exposed areas^''} 
(S2.ao i t j i i 
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P i g . 1.2-7. Heglonal r a r i a t i o n i n the d i e t r l b u t i o n of n e l a -
noeytes I n the ^ p l d e r a l B of the human body. E a t l n a t e e are 
giTen per aquare m i l l i m e t e r * S.E. mean. ( A f t e r Saabd, 1959) 
D i f f e r e n c e s a l s o e x i s t from c e l l t o c e l l , w i t h t h e 
' g i a n t ' melanocytes ( n o r m a l l y p r e s e n t i n exposed r e -
g i o n s ) b e i n g s t r o n g l y p o s i t i v e , and t h e s m a l l ones 
o n l y weakly p o s i t i v e (Szabfi, 1959). 
P r i o r t o i r r a d i a t i o n w i t h U\l l i g h t , Caucasoids 
- on t h e one hand - and Mongoloids and Negroids - on 
th e o t h e r - d i f f e r i n t h e p r o p o r t i o n s o f stage 1\J 
melanosomes and even i n t h e t o t a l number of melano-
somes i n t h e melanocytes o f t h e i r s k i n s . Both are 
more abundant i n Mongoloids and Negroids, which even 
c o n t a i n more stage I I and I I I melanosomes as w e l l 
(Szab(5 e t a l . , 1971), Among them melanosomes are 
a l s o more abundant i n t h e k e r a t i n o c y t e s . W i t h i n t h e 
k e r a t i n o c y t e s , t h e melanosomes of A u s t r a l o i d s and 
Negroids appear i n d i v i d u a l l y d i s t r i b u t e d ( o n l y a 
v e r y few melanosomes appear i n complexes - w i t h i n 
t h e k e r a t i n o c y t e s o f N e g r o i d s ) and are much l a r g e r 
and w i d e r t h a n those of Caucasoids; Caucasoid mela-
( l ) Dopa r e a c t i v i t y i s a l r e a d y n o t i c e a b l e i n the f o e t u s : 
i t i s . more i n t e n s e i n t h e forehead (where t h e melano-
c y t e s are d e n d r i t i c l o n g b e f o r e exposure t o sun) tha n 
i n t h e t h i g h (where t h e y are u s u a l l y rounded b e f o r e 
exposure T y r o s i n e r e a c t i o n i s weak or absent i n usual-
l y unexposed areas - a l t h o u g h t h e melanocytes i n the 
o r a l e p i t h e l i u m , penis and scrotum are p o s i t i v e . 
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nosomes a r e g r o u p e d i n c o m p l e x e s o f v a r i a b l e s i z e 
and s h ape, l i k e t h o s e o f M o n g o l o i d s ^ \ b u t w h i l e 
C a u c a s o i d m e l a n i n g r a n u l e s v a r y g r e a t l y i n shape 
and s i z e , t h o s e o f M o n g o l o i d s a r e o f u n i f o r m s i z e 
and s m a l l e r t h a n N e g r o i d melanosomes. 
The i n t e n s i t y o f t h e dopa r e a c t i o n depends on an 
i n d i v i d u a l ' s a b i l i t y t o s u n t a n ( t h e ' m elanogenic 
p o t e n t i a l ' ) and on t h e s k i n ' s s t a t e o f e x p o s u r e t o 
s u n l i g h t (Szabd e t a l . , 1 9 7 1 ) . The m e l a n o c y t e s i n 
s k i n b i o p s y s e c t i o n s o f C a u c a s o i d s p r e s e n t h i g h l y 
v a r i a b l e dopa r e a c t i o n s : t h o s e o f r e d - h e a d e d 
C a u c a s o i d s b e i n g v e r y weak ( u s u a l l y i n s m a l l melano-
c y t e s , w i t h few d e n t r i t e s ) . , w h i l e dopa r e a c t i o n s i n 
t h e m e l a n o c y t e s o f d a r k C a u c a s o i d s a r e v e r y s t r o n g . 
M o n g o l o i d m e l a n o c y t e s e x h i b i t v e r y u n i f o r m and i n t e n s e 
dopa r e a c t i o n s . I n N e g r o i d s , where k e r a t i n o c y t e s can 
be v e r y s t r o n g l y p i g m e n t e d , t h e y can be d i f f i c u l t t o 
t e l l a p a r t f r o m m e l a n o c y t e s , i n s p i t e o f t h e s t r o n g 
dopa r e a c t i o n s . 
The e x i s t e n c e o f r e g i o n a l d i f f e r e n c e s i s n o t r e -
l a t e d t o e x t e r n a l f a c t o r s , s uch as s o l a r r a d i a t i o n , 
as - n e x t t o t h e two most p i g m e n t e d a r e a s - among t h e 
most d e n s e l y p o p u l a t e d a r e some unexposed r e g i o n s o f 
t h e body ( s c r o t u m , p e n i s , s o l e o f f e e t and n a s a l and 
o r a l squamous e p i t h e l i u m ) , whereas some exposed a r e a s 
( s u c h as e a r s and f i n g e r s ) show l o w d e n s i t i e s . These 
d i f f e r e n c e s a r e p o s t n a t a l , s i n c e t h e y do n o t e x i s t i n 
t h e f o e t u s ( t h e t o t a l number o f m e l a n o c y t e s i n c r e a s e s 
d i f f e r e n t i a l l y w i t h p o s t n a t a l g r o w t h o f t h e body s u r -
f a c e ) . The d e n s i t y o f t h e d i s t r i b u t i o n o f m e l a n o c y t e s 
d e c r e a s e s t h r o u g h l i f e - e s p e c i a l l y i n o l d age - w i t h 
t h e i n t e n s i t y o f dopa r e a c t i o n becoming s t r o n g e r and 
more v a r i a b l e . At t h e same t i m e t h e p e r y k a r i o n o f t h e 
( l ) T h i s r u l e i s n o t n e c e s s a r i l y t r u e f o r p a r t s o t h e r t h a n 
t h e s k i n . K e r a t i n o c y t e s i n Japanese h a i r a r e , f o r i n -
s t a n c e , r e p o r t e d t o be v e r y l a r g e and d i s t r i b u t e d i n -
d i v i d u a l l y (Szabd e t a l . , 1971 ) . 
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melanocytes i n c r e a s e s i n s i z e , the d e n d r i t e s become 
lo n g e r and hyperpigmented spots appear i n great 
numbers w i t h h y p e r t r o p h i c melanocytes^''^. The abso-
l u t e number o f h a i r f o l l i c l e s and sweat glands be-
come, however, f i n a l l y e s t a b l i s h e d i n f o e t a l l i f e . 
As a probable consequence o f the i n e q u a l i t i e s i n 
d e n s i t y o f melanocyte p o p u l a t i o n , t h e r a t i o of melano-
c y t e s t o k e r a t i n o c y t e s v a r i e s r e g i o n a l l y w i t h i n the 
same s u b j e c t . 
The c o n t r i b u t i o n o f melanocytes t o s k i n c o l o u r i s 
determined by t h e i r p o p u l a t i o n d e n s i t y and by t h e i r 
o p a c i t y . F i t z p a t r i c k (1964) has e s t a b l i s h e d a u s e f u l 
d i s t i n c t i o n between two p a r t i a l l y d i f f e r e n t pro-
cesses: 1) melanogenesis, f o r m a t i o n of melanin i n the 
melanocyte and 2) melanin p i g m e n t a t i o n , which i n -
cludes f o r m a t i o n and d i s t r i b u t i o n o f pigment t h r o u g h -
out t h e e p i d e r m a l c e l l s . Consequently, depending on 
t h e i r r e l a t i o n s h i p t o these processes, the f a c t o r s 
r e g u l a t i n g pigment c e l l o p a c i t y can be c l a s s i f i e d i n 
two d i s s i m i l a r groups ( L e r n e r & Case, 1959): l ) f a c -
t o r s o p e r a t i n g at t h e enzyme ( o r , more g e n e r a l l y , 
melanogenic) l e v e l , which i n f l u e n c e the c o n c e n t r a t i o n 
o f pigment w i t h i n t h e c e l l , and 2) f a c t o r s o p e r a t i n g 
a t t h e l e v e l o f movement and d i s t r i b u t i o n of melano-
somes w i t h i n t h e c e l l . A t h i r d c l a s s c o u l d be con-
s t i t u t e d i n c l u d i n g those processes f u n c t i o n i n g i n un-
known or dubious ways. 
I n t o t h i s t h i r d group belong i o n i z i n g r a d i a t i o n 
and t h e f a c t o r s behind some of the most common so r t s 
( l ) I r r a d d i t i o n t o the appearance of hyperpigmented spots 
and h y p e r t r o p h i c melanocytes, and changes i n melano-
c y t e d e n s i t y , t h e whole s t r u c t u r e of the basal l a y e r 
changes - w i t h epidermal r i d g e s f l a t t e n i n g or break-
i n g up i n t o s h o r t , l i n k e d r i d g e s . S i m i l a r changes 
appear as w e l l at the edge of a v i t i l i g e n o u s l e s i o n 
and i n f r e c k l e s (Szabd, 1959). 
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of h y p e r p i g m e n t a t i o n , such as those f o l l o w i n g i n -
f l a m m a t i o n ( as i n burns and s e v e r a l k i n d s of 
d e r m a t i t i s ) , or r e s p o n s i b l e f o r such abnormal con-
d i t i o n s as l e p r o s y , p e l l a g r a , p o r p h y r i a and s c l e r o -
derma. Depigmentation f o l l o w i n g severe f r o s t b i t e 
i n j u r y (Post e t a l . , 1975) a l s o belongs here. I t i s 
suggested t h a t they r e p r e s e n t the r e a c t i o n of melano-
c y t e s t o i n j u r y ( e i t h e r of themselves or s u r r o u n d i n g 
t i s s u e ) (Lerner & Case, 1959). 
To t h e f i r s t group belong a l l those f a c t o r s which 
i n t e r f e r e w i t h the normal development of the t y r o -
s i n a s e r e a c t i o n , n o r m a l l y - but not e x c l u s i v e l y - by 
r e a c t i n g w i t h or r e p l a c i n g ' t h e enzymic copper, i n -
h i b i t i n g t he t y r o s i n a s e and producing hypopigmen-
t a t i o n . Among th e f a c t o r s observed t o produce those 
e f f e c t s i n v i v o are substances - present or not i n 
t h e body - as s u l f h i d r i l and t h i o l compounds (e.g.: 
c y s t e i n e and g l u t a t h i o n e ) and hydrogene cya n i d e , CO 
and mercury c o n t a i n i n g o i n t m e n t s . F a c t o r s i n the 
m i l i e u , such as temperature (which a c c e l e r a t e s the 
t y r o s i n a s e r e a c t i o n ) , aminoacids such as p h e n y l -
a l a n i n (which i n h i b i t s t y r o s i n a s e ) and c y s t e i n e 
(when i t d e v i a t e s t h e dopa r e a c t i o n towards phaeo-
me l a n i n p r o d u c t i o n ) are a l s o i m p o r t a n t . Some ot h e r 
substances, as t o l s e r a m and c h l o r o q u i n , cause de-
p i g m e n t a t i o n of h a i r but not of s k i n . 
S u l f h y d r i l groups i n water s o l u b l e form produce 
s t r o n g c o v a l e n t bonds w i t h copper. Although the 
t o t a l amount of - SH r a d i c a l s i n t h e epidermis i s 
c o n s t a n t , t h e r e are s i g n i f i c a n t i n t e r i n d i v i d u a l d i f -
f e r e n c e s i n t h e amount of h y d r o s o l u b l e s u l f h y d r i l s 
(Magnin, 1969)^^^. The i n h i b i t o r y a c t i o n of the - SH 
groups i s c o u n t e r a c t e d by those substances which i n 
( l ) Hypopigmented areas i n v i t i l i g o possess a g r e a t e r 
h y d r o s o l u b l e - SH c o n t e n t than n o r m a l l y pigmented 
areas of White s k i n , i n s p i t e of t h e equal t o t a l 
number of -SH. 
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t u r n i n h i b i t them ( e . g . : i o d o a c e t a m i d , monobenzyl 
e i t h e r o f h y d r o q u i n o n e o r a r s e n i c ) . S i m i l a r r e s u l t s 
a r e o b t a i n e d by m e l a n o g e n i c s t i m u l i as UU r a d i a t i o n , 
and X r a y s , h e a t and i n f l a m a t o r y p r o c e s s e s - by 
o x i d a t i o n o r d i s t r u c t i o n o f t h e f r e e s u l f h y d r i l 
g r o u p s w h i c h i n t u r n a l l o w s f r e e work o f t h e sub-
s t r a t e by t h e enzyme. Most o f t h e s u l f h y d r i l g r o u p s 
a r e c o n t a i n e d w i t h i n t h e h y d r o s o l u b l e t r i p e p t i d r e -
duced g l u t a t h i o n e ( J - g l u t a m y l - c i s t e i n y l - g l y c i n e ) , 
w h i c h i s t h i r t e e n t i m e s more a c t i v e t h a n t h e n e x t 
most a c t i v e i n h i b i t o r ( c y s t e i n e ) . G l u t a t h i o n e i n t h e 
e p i d e r m i s i s p r e s e n t i n amounts 100 t i m e s g r e a t e r 
t h a n t h o s e r e q u i r e d f o r i n h i b i t i o n i n v i t r o , and i t 
i s p r e s e n t i n two a l t e r n a t i v e s t a t e s : r e d u c e d and 
o x i d i z e d . At any g i v e n time o v e r 90 per c e n t o f t h e 
t o t a l i s i n r e d u c e d f o r m , i n s p i t e o f t h e c o n t i n u o u s 
o x i d a t i o n p r o c e s s . Negro r e d u c e d g l u t a t h i o n e and 
g l u t a t h i o n e r e d u c t a s e a c t i v i t y a r e s i g n i f i c a n t l y 
l o w e r t h a n t h o s e i n C a u c a s o i d s , and a f a l l i n g l u t a -
t h i o n e r e d u c t a s e a c t i v i t y o c c u r s i n Caucasoids some 
days a f t e r e x p o s u r e t o U\l l i g h t , s i m u l t a n e o u s l y w i t h 
t h e o x i d a t i o n o f r e d u c e d g l u t a t h i o n e by means o f 
w a v e l e n g t h s m a i n l y b e l o w 320 nm ( H a l p r i n & Ohkawara, 
1 9 6 7 ) . T h i s i s p r e s u m a b l y r e l a t e d t o t h e e x i s t a n c e 
o f f o u r d i f f e r e n t g e n e t i c a l l y d e t e r m i n e d g l u t a t h i o n e 
r e d u c t a s e m o l e c u l e s ( t h r e e i n Negro s k i n and one i n 
C a u c a s o i d s k i n ) . 
At t h e m e l a n o c y t e l e v e l t h e f i r s t e f f e c t s o f ex-
p o s u r e t o UU r a d i a t i o n a r e an i n c r e m e n t o f t h e s i z e 
and d e n s i t y o f t h e m e l a n o c y t e s , t o g e t h e r w i t h a r b o -
r i z a t i o n o f t h e b r a n c h i n g p r o c e s s e s ( P a t h a k , 1967) 
•plus a p r o l i f e r a t i o n o f s t a g e I I and I I I melanosomes 
and an i n c r e a s e i n t h e t o t a l number o f melanosomes 
(Szabc5 e t a l . , 1971 ) . The s i z e o f t h e m e l a n o c y t e 
p o p u l a t i o n may a l s o i n c r e a s e , e s p e c i a l l y a f t e r 
m u l t i p l e e x p o s u r e and i n p r e v i o u s l y unexposed a r e a s 
(Szab(5, 1 9 6 7 ) . P r o g r e s s i o n a l o n g t h e m e l a n i z a t i o n • 
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s t a g e s m i g h t be a s s o c i a t e d l u i t h a s h i f t i n t h e ujave-
l e n g t h s r e q u i r e d f o r t h e p r o c e s s . M e l a n o g e n e s i s , 
d e t e c t a b l e by r e f l e c t o p h o t o m e t r y d u r i n g t h e f i r s t 
d ays a f t e r i r r a d i a t i o n , i s p r e f e r e n t i a l l y due t o t h e 
a c t i o n o f t h e waveband between 290 and 320 nm^^^(the 
s o - c a l l e d e r y t h e m a l s p e c t r u m , w i t h a maximum a t 
296.7 nm) (Coon, 1 9 6 5 ) . The same w a v e l e n g t h s s t i m u -
l a t e t h e d i s p e r s i o n o f m e l a n i n g r a n u l e s a l o n g t h e 
d e n d r i t e s ( J u n g , 1 9 7 5 ) , w h i c h now appear enhanced as 
t h e y a r e f u l l y p acked w i t h t h e n e w l y - f o r m e d melano-
somes. D a r k e n i n g o f p r e v i o u s l y e x i s t i n g g r a n u l e s 
( t h e s o - c a l l e d IPD, i m m e d i a t e p i g m e n t d a r k e n i n g ) 
must a l s o be r e c k o n e d w i t h ( F i t z p a t r i c k ft Szabd, 1959; 
Blum, 1961; P a t h a k , 1 9 6 7 ) , s i n c e w a v e l e n g t h s between 
300 and 700 nm ( e s p e c i a l l y b e t w e e n 360 and 560 nm) 
a r e c a p a b l e o f d a r k e n i n g b l e a c h e d r e d u c e d m e l a n i n ^ ^ \ 
T h e r e a r e i n t e r r a c i a l and i n t e r r e g i o n a l ( i n t h e same 
i n d i v i d u a l ) d i f f e r e n c e s i n t h e c a p a c i t y o f s k i n t o 
r e a c t t o UV r a d i a t i o n (Szab(3 , 1 9 6 7 ) . A f t e r i r r a d i ' ^ 
a t i o n i s f i n i s h e d , t h e s i z e o f t h e m e l a n o c y t e popu-
l a t i o n r e v e r t e d t o i t s o r i g i n a l c o n d i t i o n , w h i c h has 
( 1 ) M e l a n o g e n e s i s and m i g r a t i o n o f melanosomes appear pre-
ceded by an e r y t h e m a l r e s p o n s e ( ' s u n b u r n ' ) , whose ac-
t i o n s p e c t r a appear t o be i d e n t i c a l t o t h o s e o f mela-
n o g e n e s i s and i n c r e a s e d p i g m e n t a t i o n : l ) w a v e l e n g t h s 
s h o r t e r t h a n 260 nm, 2 ) betw e e n 290 and 320 nm, 3) 
w a v e l e n g t h s l o n g e r t h a n 320 nm. W a v e l e n g t h s below 290 
nm a r e f i l t e r e d o u t h)/. t h e e a r t h ' s a t m o s p h e r e . The 
o p t i m a l e r y t h e m o g e n i c r a n g e e x t e n d s between 290- and 
320 nm, b u t m e l a n o g e n e s i s can even be p r o v o k e d by 
l o n g UU r a d i a t i o n and v i s i b l e r a d i a t i o n ( P a t h a k , 1967). 
( 2 ) IPD i s an e p h i m e r o u s p r o c e s s , h a r d l y d e t e c t a b l e by 
t h e naked eye t h r e e h o u r s (24 h o u r s i n t h e most p e r -
s i s t e n t c a s e s ) a f t e r t h e end o f i r r a d i a t i o n . I t s t a r t s 
i m m e d i a t e l y a f t e r e x p o s u r e and, c o n t r a r i l y t o melano-
g e n e s i s , may t a k e p l a c e w i t h o u t p r e v i o u s e r y t h e m a . I t 
i s b e l i e v e d t o be due t o r e d i s t r i b u t i o n ( i n a more 
o b v i o u s p e r i n u c l e a r h a l o ) and change o f o p t i c a l den-
s i t y o f t h e melanosomes w i t h i n t h e M a l p i g h i a n c e l l s , 
a p p a r e n t l y w i t h o u t change i n t h e m e l a n o c y t e c o u n t and 
w i t h o u t melanosome t r a n s f e r f r o m any m e l a n o c y t e s 
( P a t h a k , 1 9 6 7 ) . 
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l e a d Szabd ( 1 9 6 7 ) t o s u g g e s t t h a t t h e i n c r e m e n t 
m i g h t j u s t be t h e e p i d e r m i s ' emergency ( a c u t e ) r e -
a c t i o n t o an u n u s u a l l y i n t e n s i v e e x p o s u r e t o r a d i -
a t i o n , w h i l e c h r o n i c a l l y exposed s k i n s would n o t 
p r e s e n t i t . 
A l t h o u g h t h e a f o r e m e n t i o n e d f a c t o r s a r e r e s p o n -
s i b l e f o r some o f t h e n o r m a l and a b n o r m a l p i g m e n t a r y 
p r o c e s s e s t h e y can n o t a c c o u n t f o r t h e h y p e r p i g m e n -
t a t i o n o b s e r v e d i n t h e e n d o c r i n e d i s o r d e r s accompany-
i n g f o r i n s t a n c e h y p e r t h y r o i d i s m , t u m o u r s o f t h e 
p i t u i t a r y g l a n d o r A d d i s o n ' s d i s e a s e , o r accompany-
i n g c h r o n i c i l l n e s s e s s u c h as . m a l n u t r i t i o n and 
t u b e r c u l o s i s . I n a l l t h e s e cases a hormone, MSH 
( m e l a n i n s t i m u l a t i n g h o r m o n e ) , i s s u s p e c t e d as t h e 
key f o r t h e s k i n ' s d a r k e n i n g . For t h e most p a r t , t h e 
i n f o r m a t i o n c o n c e r n i n g t h e i m p a c t o f s e c r e t i o n f r o m 
t h e e n d o c r i n e g l a n d s on m e l a n i n p i g m e n t a t i o n has 
been o b t a i n e d f r o m e x p e r i m e n t s w i t h a n i m a l s o r f r o m 
r e s e a r c h on p a t h o l o g i c a l p i g m e n t a r y s t a t e s . Among 
m a r i n e a n i m a l s i t has been o b s e r v e d t h a t t h e a d i t i o n 
o f MSH p r o v o k e s d i s p e r s a l o f m e l a n i n g r a n u l e s , f r o m 
a r o u n d t h e n u c l e u s , t o w a r d s t h e p e r i p h e r y . They be-
come u n i f o r m l y d i s t r i b u t e d and t h e m e l a n o c y t e be-
comes opaque. On t h e o t h e r hand, a d d i t i o n o f m e l a -
t o n i n r e v e r s e s t h e p r o c e s s and most o f t h e melano-
c y t e t u r n s t r a n s p a r e n t . P h y s i c a l f a c t o r s s uch as pH 
m i l i e u , i o n i c c o n c e n t r a t i o n and changes i n t e m p e r a -
t u r e can a l s o s t a r t t h e movement o f melanosomes. 
Oxygen (an d a change i n c o n s i s t e n c y , f r o m g e l t o s o l ) 
i s r e q u i r e d f o r t h e d i s p e r s a l move, b u t n o t f o r ag-
g r e g a t i o n ( L e r n e r & Case, 1 9 5 9 ) , Many o t h e r h o r m o n a l 
s u b s t a n c e s a r e now known t o p r o d u c e s i m i l a r e f f e c t s 
o f d i s p e r s a l and a g g r e g a t i o n on m e l a n i n g r a n u l e s o f 
sea a n i m a l s , b a t r a c i a n s ( t a b l e I , 2 - 1 ) and mammals. 
U n f o r t u n a t e l y , t h e r e s u l t s o b t a i n e d f r o m a n i m a l ex-
p e r i m e n t s can n o t a l w a y s be e x t r a p o l a t e d t o man. 
I n humans, t h e a d r e n a l g l a n d s i n f l u e n c e ( v i a 
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h y d r o c o r t i s o n e ) t h e p i t u i t a r y ' s a c t i v i t y , r e g u l a t i n g 
t h e amounts o f cx- and ^-MSH r e l e a s e d by the p i t u i t a r y . 
These two p e p t i d s ( e s p e c i a l l y t h e roost a c t i v e , « ) 
have been shown t o cause d a r k e n i n g o f the s k i n by i n -
crea s e d p r o d u c t i o n and d i s p e r s i o n o f melanin g r a n u l e s 
( f i g , 1 , 2 - 8 ) , The r o l e o f ACTH ( a l s o r e l e a s e d by t h e 
p i t u i t a r y , 1 ^  o f « -MSN's a c t i v i t y ) , a l t h o u g h not 
c l e a r , i s p r o b a b l y s i m i l a r ( S n e l l , 1967). Thus, when 
b o t h a d r e n a l s are removed i n man h y p e r p i g m e n t a t i o n 
r e s u l t s , which can be prevente d by a d m i n s t r a t i o n o f 
h y d r o c o r t i s o n e (an i n h i b i t o r o f t h e r e l e a s e o f ACTH 
and MSH). I n a s i m i l a r way, t h e h y p e r p i g m e n t a t i o n of 
p a t i e n t s w i t h Addison's disease can be d i m i n i s h e d by 
i n j e c t i n g c o r t i s o n e or h y d r o c o r t i s o n e , Mesantoin i s 
ano t h e r substance which, when a d m i n i s t e r e d o r a l l y , 
produces i n man t h e same k i n d o f e f f e c t as i n f r o g s . 
Minimum effective eoneenlratioa in microgram* Faclort Regulating the Movement of Melanin 
per 20 ml. solution required to initiate lightening Granule* in Frog Mtlanocytet 
of frog tkin previously darkened hy SO units ~ \ ; ; 
^j^fj _ Di»per»inf AcrefiUo* 
7" ; ~ ~ ~ o- and /S-MSH Melatonin 
Melatonin 5X10"* ^ C T H Noradrenaline 
Noradrenahne 3 Caffeine Adrenaline 
Acetylcholine 3 Marsilid Acetylcholine 
Tn.odothyron.ne 60 Apresoline Triiodothyronine 
S ^ * " " ^ ^ " ' " M e s a n t o i n Serotonin 
Progesterone Diamox 
Table 1.2-1. Pactore i n f l u e n c i n g the movenent of melanoBomes 
i n the melanocytes of the frog. ( A r t e r L e r n e r 4 Case, 1959). 
The e f f e c t s o f o t h e r g l a n d s ' s e c r e t i o n - mela-
t o n i n ( p i n e a l ) , t h y r o x i n e ( t h y r o i d ) and t e s t o s t e r o n e 
(male gonadal g l a n d s ) - a l t h o u g h observed t o provoke 
l i g h t e n i n g o f t h e s k i n i n c e r t a i n animals ( t h e two 
f i r s t s u b s t a n c e s ) versus o c c a s i o n a l darkening i n man 
( t h e l a s t o n e ) , have f a i l e d to g i v e c o n c l u s i v e r e s u l t s 
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a p p l i a b l e t o man. Estrogene and progesterone ( s e -
c r e t e d by t h e female gonadal g l a n d s ) a l s o i n c r e a s e 
melanogenesis - t h e l a t t e r , seemingly, o n l y when 
a p p l i e d i n s m a l l doses, t h e e f f e c t being t h e o p p o s i t e 
i n b i g doses. The e f f e c t here i s d i r e c t and e x e r t e d 
o n l y upon t h e s k i n o f t h e g e n i t a l i a and t h e a r e o l a r 
r e g i o n , presumably by d i r e c t l y i n c r e a s i n g t h e meta-
b o l i c a c t i v i t y o f t h e k e r a t i n o c y t e s which, i n t u r n , 
would s t i m u l a t e t h e melanocytes. The i n c r e a s e d p i g -
m e n t a t i o n (raeianogenic and v a s c u l a r i n o r i g i n ) o f 
n i p p l e s and a r e o l a e , g e n i t a l i a , f a c i a l s k i n and t h e 
i n t e r n a l abdominal w a l l accompanying pregnancy i s 
a l s o p r o b a b l y due t o i n t e n s i f i e d s e c r e t i o n o f the 
female sex hormones ( S n e l l , 1967), 
The way i n which t h e m i g r a t i o n of melanosomes i s 
i n i t i a t e d i n t h e melanocytes i s not e x a c t l y known. 
Perhaps ( L e r n e r & Case, 1959) t h e hormones somehow 
p r e d i s p o s e t h e c e l l membrane f o r the t r a n s f e r o f 
c e r t a i n i o n s , which c o u l d then s t a r t t h e r e a c t i o n s 
necessary f o r t h e movement of melanosomes. 
P I T U I T A R Y ^ l ^ O P ' N E A L 
T H Y R O I D 
A D R E N A L 
O V A R Y 
T E S T I S 
Tig. I . ? - 8 . The e f f e c t s of homonal e e c r e t i o n s i s human mela-
nin r i p n e r t a t i o n . ( A f t e r S n e l 1 , 1 9 6 7 ) . 
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Summary I n t h i s s e c t i o n c u r r e n t k nowledge about t h e 
g e n e s i s and k i n e t i c s o f p i g m e n t - c o n t a i n i n g c e l l s , 
as w e l l as a b o u t t h e i r f u n c t i o n s i n t h e e p i d e r m i s , 
has been r e v i e w e d , and t h e r o l e o f t h e i n t e r n a l and 
t h e e x t e r n a l e n v i r o n m e n t i n s t a r t i n g , a c c e l e r a t i n g 
and a r r e s t i n g t h e n o r m a l p r o c e s s e s , o f p i g m e n t f o r x . 
m a t i o n and d i s t r i b u t i o n t h r o u g h o u t t h e e p i d e r m i s 
has been l a y e d o u t . 
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1.3. The r e f l e c t i o n poiuer of the s k i n and the nature of 
human s k i n c o l o u r . 
Every s i n g l e substance present w i t h i n the s t r u c -
t u r e of the s k i n has at each luavelength i t s oujn 
c h a r a c t e r i s t i c r e f l e c t i o n f a c t o r l u i t h luhich i t con-
t r i b u t e s t o the t o t a l r e f l e c t i o n f i g u r e . The granu-
l a r c h a r a c t e r and d i s c o n t i n u i t y of the s k i n i s the 
source of m u l t i p l e r e f l e c t i o n and r e f r a c t i o n , l u i t h 
the subsequent s c a t t e r i n g of the impinging rays of 
l i g h t a c c o r d i n g t o ujavelength. Viheneuer a ray of 
l i g h t leaves an o p t i c a l medium t o enter another one, 
a p a r t of the energy i s r e f l e c t e d and the r e s t i s 
t r a n s m i t t e d f o r o i a r d along a m o d i f i e d path ( r e f r a c -
t i o n ) . Along the n/ay, the r e f r a c t e d l i g h t s u f f e r s 
a b s o r p t i o n and, ujhen i t leaves t h a t medium, r e f l e c -
t i o n and r e f r a c t i o n are a p p l i e d again to a ray of 
l i g h t ujhich has l o s t p a r t of i t s energy along the 
u;ay. A composite b.eam of l i g h t becomes unfolded i n t o 
i t s components, as each of them i s r e f r a c t e d along a 
d i f f e r e n t p a t h depending on i t s tuavelength. 
The k e r a t o - h y a l i n e and melanin g r a n u l e s , the c e l -
l u l a r and n u c l e a r membranes of the n o n - k e r a t i n i z e d 
c e l l s and the s u r f a c e of these i n the horny l a y e r 
p r o v i d e p l e n t y of o p t i c a l l y d i s c o n t i n u o u s s u r f a c e s 
f o r s c a t t e r i n g the l i g h t r a y s . The stratum corneum 
i s an e f f i c i e n t absorber of l i g h t , e s p e c i a l l y a t 
ujavelengths s h o r t e r than 320 nm. Apart from k e r a -
t i n e s , the major b i o s y n t h e t i c product of epidermal 
c e l l s and the main absorber, o t h e r components - such 
as h i s t i d i n e , u r o c a n i c a c i d , c h o l e s t e r o l , phospho-
l i p i d s and s m a l l p e p t i d e s - - a l s o absorb r a d i a t i o n i n 
the 260-290 nm luaveband. I n the s t r a t u m germinativum, 
the n u c l e o p r o t e i n s of the n u c l e a t e d c e l l s a l s o con-
t r i b u t e s i g n i f i c a n t l y t o a b s o r p t i o n at 260 nm, w h i l e 
-as i t w i l l be shown- the a b s o r p t i o n of UV, v i s i b l e 
and even i n f r a r e d by melanosomes i s of profound r e l -
evance f o r p r o t e c t i o n of the s k i n . 
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Since a l l r a d i a t i o n below the 290 nm i s prac-
t i c a l l y suppressed by the atmospheric ozone (O^) 
s h i e l d and by the p a r t i c l e s and u-'ater d r o p l e t s 
p r e s e n t i n the atmosphere, they e x e r t no s e l e c t i v e 
i n f l u e n c e on the shape of the r e f e l e c t a n c e spectrum 
of human s k i n , Hoiuever, the s k i n of humans i s en-
doujed uuith h i g h r e f l e c t a n c e v a r i a b i l i t y i n the 
r e g i o n between r o u g h l y 300 and 1 200 nm, uuhile beyond 
those b o r d e r s t h e r e i s p r a c t i c a l l y no i n t e r i n d i v i d -
u a l v a r i a t i o n i n r e f l e c t a n c e . Belouj 300 nm i t lijas 
found by 3acquez e t a l , ( l 9 5 5 ) t h a t r e f l e c t a n c e 
r e a d i n g s i n i n d i v i d u a l s of 3apanese, Negro and Vihite 
a n c e s t r y v a r i e d betujeen 6 and 8 ( f i g . 1.3-1), of which 
betujeen 10 and 20 per cent ujas the c o n t r i b u t i o n of 
f l u o r e s c e n c e of the s k i n (a c o m p a r a t i v e l y f r e q u e n t 
c o n d i t i o n , e s p e c i a l l y a t c e r t a i n ujavelengths), and 
the r e s t luas mostly ,due t o l i g h t r e f l e c t e d and s c a t -
f l ) 
t e r e d from the topmost l a y e r s of the s k i n ^ '» The 
f l u o r e s c e n t u/avelengths liihich make some c o n t r i b u t i o n 
t o the r e a d i n g s l i e i n the range 290-400 nm. Thus, 
al t h o u g h they s l i g h t l y extend i n t o the range of v i s -
i b l e l i g h t , t h e i r e f f e c t beyond the 300 nm border i s 
n e g l i g i b l e . Above 1200 nm the r e f e c t a n c e of human 
s k i n i s p r i m a r i l y t h a t of a s c a t t e r i n g component 
mixed w i t h water (Oacquez e t a l , , 1956), w h i l e the 
5-6 per c e n t r e f l e c t a n c e r e m a i n i n g beyond 1900 nm 
may r e p r e s e n t F r e s n e l r e f l e c t i o n a t the s k i n ' s 
s u r f a c e . 
The v a r i a b i l i t y i n r e f l e c t a n c e w i t h i n the 300-
1200 nm range depends d i r e c t l y on the nature and 
( l ) I t used t o be t h o u g h t (Jacquez & Kuppenheim, 1954) 
t h a t p r a c t i c a l l y a l l r a d i a t i o n between 235 and 300 
nm which p e n e t r a t e s deeper than the very top l a y e r s 
i s absorbed, however, Pathak (1967) has experimen-
t a l l y proved t h a t between 5 and 15 per cent of the 
incoming wavelengths s h o r t e r than 320 nm ( e s p e c i a l l y 
those at 240-260, and 300 nm) pass through the e p i -
dermis i n t o the dermal p a p i l l a e i n 'white' unex-
posed e p i d e r m i s . 
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•J ! f . -
4'; 
v e r y t l o n J 
" I prou*^^ male 
red-ha i red m a l t 
youn; 
»oo .00 »oo .oo 
Reflectance of skin of forearm of llircc 
; white males 
Reflectanc* of skin nf (orfarm of very fair 
complexiuned ( ) anil very dark tiiniplcxinmil 
( ) young while males. 
Reflectance of skin of forearm of two young males of Japanese descent 
Reflectance of skin of forearm of lightly pigmented ( ) and dark ( ) American Negroes. 
F i g . 1.3-1. Beflectanee of the s k i n of the forearm i n i n a i v i -
d u a l B of Caucasoid, Kongoloid and Negroid o r i g i n . 
( A f t e r Jacquee et a l . , 1955$ 1956). 
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the c o n c e n t r a t i o n of the substances found by the 
l i g h t i n i t s path and on t h e i r d i s t a n c e from the 
s u r f a c e . The two l a s t f a c t o r s vary not only i n t e r -
i n d i v i d u a l l y but also r e g i o n a l l y ( w i t h i n the same 
i n d i v i d u a l ) and between sexes. M e l a n i n , f o r i n s t a n c e , 
i s r i c h e r i n the fore h e a d , the are o l a e and e x t e r n a l 
g e n i t a l r e g i o n s ; i t i s a l s o more abundant i n the 
s k i n of men, and i t s c o n c e n t r a t i o n i n the s k i n 
p r e s e n t s wide v a r i a b i l i t y between races. Blood 
v e s s e l s run c l o s e r t o the s u r f a c e i n c e r t a i n p a r t s 
of the body, and th e r e are i n d i v i d u a l v a r i a t i o n s 
i n s k i n blood f l o w and blood c o n t e n t (Jacquez e t a l , , 
1955), K e r a t i n and water are a l s o unevenly d i s t r i -
b u t e d . I n a d d i t i o n , the t h i c k n e s s of the dermis i s 
g r e a t e r among males than among females, and there 
are i n t e r r a c i a l d i f f e r e n c e s i n the t h i c k n e s s of both 
e p i d e r m i s and st r a t u m corneum (Munro, 1967) - which, 
i n t u r n , i n f l u e n c e s the t o t a l amount of k e r a t i n 
p r e s e n t i n the s k i n . C a r o t e n e - c o n t a i n i n g subcuta-
neous f a t i s more abundant among females and i t has 
an uneven d i s t r i b u t i o n , which d i f f e r s between the 
sexes and between races. C e r t a i n c o n s t i t u e n t s of the 
blood plasma - such as oxy-haemoglobin, only an a c c i -
d e n t a l i m p u r i t y , b i l i r u b i n and c a r o t e n o i d s - are also 
d e t e c t a b l e i n v a r y i n g p r o p o r t i o n s and c o n t r i b u t e to 
i t s c o l o u r . Some components of the human d i e t ( c a r o -
t e n e , x a n t o p h i l l s , l u t e i n s , e t c ) can a l s o , under 
c o n d i t i o n s of s u f f i c i e n t l y h i g h d i e t a r y i n t a k e , 
become n o t i c e a b l e i n the r e f l e c t a n c e curve ( f i g , 
I , 3 - 2 e ) , The o r i g i n s of a l l t h i s v a r i a b i l i t y are 
very d i v e r s e . State of h e a l t h and d i e t a r y h a b i t s 
( e n v i r o n m e n t , s , l , : h a b i t a t and c u l t u r e ) are"im-
p o r t a n t f o r some substances, w h i l e f o r o t h e r s -
me l a n i n , blood f l o w and t h i c k n e s s of the st r a t u m 
corneum, f o r i n s t a n c e - g e n e t i c ( i n combination w i t h 
e nvironment) i s known t o have a r o l e . 
The f o l l o w i n g data on the r e f l e c t a n c e c h a r a c t e r -
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a m c m e t M m mo rta ittsucts mmoceotm FMIICO 
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• « « l i K T ) l • K x u w c i n w 
V Tbe transmission of OMlsDio in 5Cc KOH lolatioo. Tbe lower curve b of s more 
•on centra ted »olution of mclsnin producicj jrester ibeOTption mnd therefore less trsns-
Bissios thAn the veaker conccotrfttion. Tbere 19 00 demsrutted bsod, but rather . frmda-
«JI>* increaxios .beorplioD from the red end of tbe spectrum at 600 ffl/i into.th« ultrariolel. 
(b) The transmissioD of oz>-. sod reduced hcmoclobio as seen in f r ca l l j ' diluted 
bemoljzed blood. Of the oxy-bcmoslobin bandi, only those at MS and 578 mm are aharpljr 
demarcated in readioca of the skin, allboutb that al 417 maj' alio be seen. Tbe leadint of 
reduced hemoglobin is abridged bj* Tirtue of the added absorptioo of tbe sodium bypo-
•ulphaU. I n other detcrminatioaa w- hare observed additional absorption banda for re-
duced bemoslobin at 280 m«, v i t h a 8eiion point in the eurre about t U ISP (see Eg. t ) . 
l o readinp of the akin the baud at 5SS m« may be dearly seen, that at til (omerhat lea 
distinctly. 
unutm a Cwxrwsato): Two 
eOKCtimuTions m aweurrt aixoHO. 
- g o "So »so o o « o soo soo •<«> 
(c ) The trwumisjion of vitamin A is alcohol. The characteristic absorption band 
is seen at S26 mo -Tbis is shifted 1 n u from i U usual location at 325, perhaps because of 
tbe source of tbia particular sample. The aigniBcaoco of tbe fine structure between 2SS 
•ad 270 nw haa not been deienBised. 
( d ) T V tranamisaion of carotene in petroleum ether. Tbe chararteristic absorpUoa 
banda are indicated. Only the band at 4S5 m ^ which ahifta to 4S is tbe aUo, can be idcnti. 
6ed b the curves of tba l i r i n f sahjcct. 
4SO 
WBVCLfMGTH • llllUaCaOH» 
( e ) The transmission of diluted blood plasma. Tbe curve on the left repremnls a 
greater dilution of the same sample aa that naed on the right. The absorption ot various 
•oastituenta ia indicated. 
P i g . 1.5-2. Transmieelon e i i r r e s and abaorption bands of d i f f e r e n t 
Bubstances n o r o a l l y present i n human a k i n , as t e s t e d i a T i t r o . 
( A f t e r Edwards et a l . , 1 9 5 l ) . 
At the d i l u t i o n used f o r the reduced haemoglobin, the transmission 
f a l l s to »ero below 370 urn. T h i s i s due to strong abaorption o t TJ7 
l i g h t by HagSgO^ i t s e l f . 
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i s t i c s of the most i m p o r t a n t c o n t r i b u t o r s among the 
c o n s t i t u e n t s of the s k i n and the subcutaneous t i s s u e ) 
have been e x t r a c t e d from Edwards et a l , c l a s s i c a l 
work ( l 9 5 l ) , s l i g h t l y m o d i f i e d by the r e s u l t s from 
r e c e n t i n v e s t i g a t i o n s , 
Melanin's a b s o r p t i o n power increases s t e a d i l y from 
IR i n t o U\J w i t h decreasing wavelength, w i t h o u t any 
c h a r a c t e r i s t i c maxima o u t s i d e the i n f r a r e d r e g i o n 
( f i g . I , 3 - 2 a ) , I n the i n f r a r e d i t p r e s e n t s maximal 
a b s o r p t i o n a t 3000 and 6000 nm. Melanin seems to be 
the main c o n t r i b u t o r not only to r e f l e c t i o n i n gen-
e r a l but even t o c o l o u r , since i t s presence masks the 
a b s o r p t i o n bands of o t h e r pigments i n both the v i s -
i b l e and the UU ranges, e s p e c i a l l y among h e a v i l y p i g -
mented i n d i v i d u a l s ( f i g . 1.3-3). 
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R A C I A L COMPARfSON 
BUTTOCKS ( M A L E ) 
WHtTE BLONO 
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P i g . 1.3-3. Melanin and the s-:in colour of d i f f e r e n t r a c e s . 
The region of the buttocks was s e l e c t e d as one l e a s t a f f e c t e d 
by environmental f a c t o r s . In the darker subjects the l a r g e r 
q u a n t i t y of melanin obscures the c h a r a c t e r i s t i c s of other 
substances. ( A f t e r Edwards et a l . , 1951). 
I I 
The presence of a f l a t t e n i n g of the s k i n r e f l e c -
tance curves i n the v i c i n i t y of 400 nm and i n t o the 
UV/ r e g i o n has been i n t e r p r e t e d as the e f f e c t of an-
o t h e r pigment named melanoid by Edwards and h i s 
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c o l l a b o r a t o r s (1951) t o emphasize i t s c h a r a c t e r as a 
( ^) 
m e l a n i n d e r i v a t i v e . I t s a b s o r p t i o n power i n the 
r e g i o n around 400 nm seems t o be much g r e a t e r than 
t h a t of m e l a n i n i n t h i s zone. I t s i n i t i a l appearance 
seems t o depend on the f o r m a t i o n and subsequent 
d e g e n e r a t i o n o f c o n s i d e r a b l e amounts of melanin 
(Edwards 4 D u n t l e y , 1939), i n c r e a s i n g f o r some time 
a f t e r the r a t e of p r o d u c t i o n of new melanin decreases 
and, f i n a l l y , becoming u n d e t e c t a b l e a f t e r the d i s -
appearance o f most of the mother substance ( f i g , 
1.3-4). 
Bcroitc exposuiit 
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P i g . 1.3-4. Spectrophotometric c u r r e s of the er:in a f t e r a 
s i n g l e exposure to B u n l i g h t , Hyperemia (oryhenioglobin) i s 
m a z i a a l a t 11 boure, n e l a n i i i e t i9 days and n e l a n o i d at 4 
norths. Blood s t a g n a t i o n , as r e g i s t e r e d by reduced heno-
globir., p e r s i s t s f r o c the t i i t e of the e a r l y disappearance 
of hyperemia f o r over nine n o n t h s . 
( A f t e r Edwards * I h i n t l e y , 1939). 
For oxy-haemoglobin and reduced haemoglobin ( f i g , 
I . 3 - 2 b ) , Edwards e t a l , found s e v e r a l a b s o r p t i o n 
bands, s l i g h t l y s h i f t e d i n p o s i t i o n w i t h r e s p e c t t o 
( l ) Buckley and Grufti (1964) mean t o have shown mathemat-
i c a l l y t h a t no such pigment i s p r e s e n t in the e p i -
d e r m i s . Whether melanoid i s r e a l l y another pigment 
or j u s t reduced melanin i s , however, of l i t t l e prac-
t i c a l concern here. 
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those p r e v i o u s l y found w i t h a Hardy s p e c t r o p h o t o -
meter, at u/avelengths 578 ( o f - a b s o r p t i o n band), 5A8 
( ( i - a b s o r p t i o n band), 417 ( ^ - a b s o r p t i o n band) ( U L ) 
and 350, 280 ( U U L ) f o r oxy-haemoglobin, and at 565, 
431 ( M l ) and 335, 260 ( U U L ) f o r reduced haemoglobin. 
The p r o p o r t i o n s of both k i n d s of haemoglobins i n 
human blood are not c o n s t a n t . They depend on the 
l o c a t i o n of the blood v e s s e l s . Those l y i n g more 
s u p e r f i c i a l l y , f u r t h e r amay from the main blood 
stream and i t s d r i v i n g motor ( t h e l e f t h a l f of the 
h e a r t ) are r i c h e r i n reduced haemoglobin (venous 
b l o o d ) than the o t h e r s , which are r i c h e r i n oxy--
haemoglobin ( a r t e r i a l b l o o d ) . U\/ r a d i a t i o n , h o w e v e r , 
provokes the d i l a t i o n of the cutaneous blood v e s s e l s , 
and the coming of more oxygenated blood to them, 
d i s p l a c e s the e q u i l i b r i u m t o the oxy-haemoglobinic 
s i d e (a s l o i u l y r e c e d ing c o n d i t i o n named hyperemia) 
(Edwards & D u n t l e y , 1939) 
U i t a m i n A was the o n l y m a t e r i a l , among those 
i d e n t i f i e d by Edwards and h i s c o l l a b o r a t o r s , w i t h o u t 
a b s o r p t i o n i n the v i s i b l e range. I t p r e s e n t s an ab-
s o r p t i o n band at 325 nm ( f i g . I . 3 - 2 c ) . 
Carotene («andf5), pr e s e n t i n subcutaneous f a t , 
presents a b s o r p t i o n bands at 518 and 524 nm, very 
weak both of them, 482, 455 and o t h e r s l e s s e a s i l y 
d e t e c t a b l e ( f i g . I . 3 - 2 d ) . Heilmeyer ( c i t e d i n Ed-
wards e t a l . , 1951) a t t r i b u t e d t o carotene an ex-
tended area of a b s o r p t i o n between 420 and 520 nm. 
O c c a s i o n a l f l u c t u a t i o n s i n the c o n t e n t of carotene 
have not been found t o be r e l a t e d t o UM i r r a d i a t i o n 
(Edwards & D u n t l e y , 1939). 
B i l i r u b i n has i t s c h a r a c t e r i s t i c a b s o r p t i o n bands 
a t 460 nm {\JL) and i n the r e g i o n below 300 nm ( U U L ) . 
( l ) - At a h i g h e r dose - w h i l e f u r t h e r o v e r a l l i n c r e a s e 
can be observed - Ramsay and Challoner (1976) ob-
served decreased f l o w i n the most s u p e r f i c i a l 
v e s s e l s , which they a t t r i b u t e d t o s t a s i s , perhaps 
secondary t o v a s c u l a r damage. 
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Three a b s o r p t i o n bands p r o b a b l y due t o the p r e s -
ence of water were found w i t h i n the i n f r a r e d r e g i o n 
--near 980, 845 and 760 nm. The two l a s t minima 
become p r o g r e s s i v e l y masked w i t h i n c r e a s i n g pigmen-
t a t i o n , w h i l e the f i r s t one i s on l y s l i g h t l y i n -
f l u e n c e d by i t ( f i g , I . 3 - 5 a ) . 
P r o t e i n s o f the s t r a t u m corneum, mainly k e r a t i n , 
have an a b s o r p t i o n band between 260 and 290 nm 
(Pa t h a k , 1967), As a whole, the horny l a y e r absorbs 
UU l i g h t v e r y e f f i c i e n t l y , p a r t i c u l a r l y t h a t of 
wavelengths below 300 nm ( f i g . I . 3 - 6 a ) , F i g u r e 1.3-6 
shows a l s o , f o r comparison w i t h Pathak's c u r v e s , the 
10 tl »• 
( a ) , Transmitlance curve of i mm distilled water 
in quartz cuvette ( ) and reflectance curve 
( ) of a 4.6-mm layer of a paste of 33% MgO and 
65% distilled H / ) between quartz plates. 
( b ) . Comparison of very fair 
complexioned white ( ) and 
very dark American Negro 
. ( ) in the visible and near 
infrared. 
04 OA 0, &7 0, 10 U (.4 I , IS tl f 4 I.» 
P i g , 1.3-5. The absorption bands of water: ( a ) i n s o l u t i o n , 
( b ) i n t h e a k i n . ( A f t e r Jaeqnei et a l . , 1956). 
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r e f l e c t a n c e curve of a s m a l l amount of brownish 
c o l o u r e d commercial k e r a t i n s p r i n k l e d on a block 
of Mg CO^  and covered w i t h a q u a r t z p l a t a . 
Between .380 and 770 nm a p p r o x i m a t e l y the average 
human eye p e r c e i v e s the c o l o u r r e s u l t i n g from the 
o p t i c a l i n t e g r a t i o n of a l l l i g h t r e f l e c t e d by these 
substances. By l a r g e , the s e n s a t i o n of colour i s due 
t o the combined e f f e c t of a few substances present 
i n the s k i n as e i t h e r c o n s t i t u e n t s of the s k i n s t r u c -
t u r e proper or as i n t r u s i o n s as a r e s u l t of per-
f u s i o n from the cutaneous blood v e s s e l s . Their 
r e l a t i v e importance i s not the same at a l l wave-
l e n g t h s , since the magnitude of the r e f l e c t i o n 
f a c t o r v a r i e s w i t h wavelength. 
The most s i g n i f i c a n t c o n t r i b u t o r s - a p a r t from 
melanin ( i m p o r t a n t along the whole spectrum of UL) 
and haemoglobin ( i m p o r t a n t at the blue and, espec-
i a l l y , the green r e g i o n s ) - are melanoid (very im-
p o r t a n t , a l t h o u g h t r a n s i t o r y i n c h a r a c t e r , at the 
v i c i n i t y of 400 nm) and carotene ( i m p o r t a n t p a r t i c -
u l a r l y a t 482 nm, perhaps u n d e r l y i n g the whole 
blue-green r e g i o n ) . The two l a s t c o n s t i t u e n t s are 
the l e a s t i m p o r t a n t . Although the e x i s t e n c e of 
i n t e r r a c i a l v a r i a b i l i t y i n the t h i c k n e s s .of the 
k e r a t i n - c o n t a i n i n g s t r a t u m corneum (Munro, 1967), 
and t h a t d i v e r s i t y ' s c oncomitant f u n c t i o n of p r o -
t e c t i o n a g a i n s t UU r a d i a t i o n grow i n c r e a s i n g l y 
harder t o r e f u t e , no c o l o u r a n t r o l e i s normally 
assigned t o k e r a t i n . I n the 60's, however, Coon 
(1965) and Loomis (1967) proposed t h a t the y e l l o w i s h 
t i n t of many mongoloid s k i n s was due t o a k e r a t i n -
e n r i c h e n e d s t r a t u m corneum, which played a p r o t e c -
t i v e r o l e . Indeed, a p r o t e c t i v e r o l e does not ne-
c e s s a r i l y imply a s i g n i f i c a n t c o l o u r a n t r o l e , and 
k e r a t i n ' s c o l o u r a n t f u n c t i o n was s e v e r e l y c r i t i c i z e d 
l a t e r by D a n i e l s ( D a n i e l s e t a l . , 1972), who argued 
t h a t the s k i n s of v i t i l i g i n o u s or a l b i n o p a t i e n t s of 
a l l races are ' w h i t e ' and not ' y e l l o w ' . U n f o r t u n a t e l y , 
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Munro's experiment d i d n o t i n c l u d e any Mongoloids, 
Summarily, i t may be s a i d t h a t t h e c o l o u r of a 
s k i n depends on the p r o p o r t i o n s i n ujhich the t h r e e 
main r e g i o n s of the spectrum of \ll are r e p r e s e n t e d 
i n i t s r e f l e c t a n c e c u r v e , as much as on the ab s o l u t e 
v a l u e s o f i t s r e f l e c t a n c e r e a d i n g s . I f , f o r i n s t a n c e , 
t h e l o n g - w a v e l e n g t h r e g i o n (590-770 nm) appears 
g r e a t l y enhanced w i t h r e s p e c t t o the o t h e r two the 
s k i n w i l l have a r e d d i s h t i n t , w h i l e c o m p a r a t i v e l y 
h i g h r e f l e c t a n c e r e a d i n g s i n the c e n t r a l or the 
s h o r t wavelength (380-500 nm) r e g i o n s w i l l add t o 
the s k i n y e l l o w i s h or b l u i s h tones r e s p e c t i v e l y , • I n 
a d d i t i o n , a b s o l u t e and r e l a t i v e enhancement of the 
gre e n - y e l l o w - o r a n g e zone w i l l c o n f e r t o t h e s k i n a 
l i g h t , b r i l l i a n t , c h a r a c t e r , since, t h i s r e g i o n i s 
endowed w i t h maximal luminous power ( f i g . 1,1-2). 
STRAruM CORNeUM 
EPIDERMIS 
too JOC « SOC »C0 roo 
C b ) . Reflectance of a small amount of commercial 
keratin on a block of >fgCOi comjjarcd lo an MgCOi 
standard. 
2K JOO JJ0 540 J70400 
( a ) . Liglu-transmlssion spectra of stratum corneum and epidermis from the scapular 
region of three subjects: a pigfncntcd Negro with vitiligo [lop), a pigmented Negro 
(middle), and a fair-skinned Caucasian Iboiiom). 
? i g . 1.3-6. Absorption p r o p e r t i e s of the stratum c o m e u B , 
the epidermis and a saBple o f comaarcial k e r a t i n . ( A f t e r 
Pathak, 1967, and iaeques et a l . , 1956). 
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These f a c t s n o t w i t h s t a n d i n g , the dominant wave-
l e n g t h of human s k i n i s r e d : Wassermann ( I 9 7 l ) , i n 
an e x p e r i m e n t conducted among Bantu, Cape Coloured 
and S o u t h a f r i c a n Whites, has proved t h a t the dominant 
w a v e l e n g t h f o r human s k i n c o l o u r l i e s betmeen 595 and 
710 nm, i . e . between orange-red and r e d , independent 
of t h e degree of darkness or l i g h t n e s s of the i n d i -
v i d u a l . 
The n a t u r e and bands of a b s o r p t i o n of the con-
s t i t u e n t s o f the s k i n and i t s r e l a t i v e importance i n 
the g e n e s i s of s k i n c o l o u r has been i n d i c a t e d . I n 
o r d e r t o summarise the most i m p o r t a n t f a c t s , they can 
be o r g a n i z e d i n the f o l l o w i n g manner, 
1. The p e n e t r a t i o n power of the d i f f e r e n t wavelengths 
v a r i e s across the spectrum. This has i m p o r t a n t 
p h y s i o l o g i c a l and c h r o m a t i c e f f e c t s . 
2. From the v i c i n i t y o f 300 nm, t o t a l r e f l e c t a n c e 
i n c r e a s e s ( a b s o r p t i o n decreases) u n t i l a maximum 
i s reached between 720 and 820 nm, among the 
l i g h t e s t w h i t e s k i n s , or even f u r t h e r away (900 
nm and beyond, among h e a v i l y pigmented Negroe 
s k i n s ) . 
3. The r i s e i n r e f l e c t a n c e i s not steady. I n l i g h t 
s k i n s t h r e e major o s c i l l a t i o n s -due t o the ab-
s o r p t i o n bands of haemoglobin- and s e v e r a l minor 
u n d u l a t i o n s are v i s i b l e : 
I n s p i t e of the masking e f f e c t of the m e l a n i n , 
the CK , p and 5 a b s o r p t i o n bands of haemoglobin 
(578, 548 and 417 nm, r e s p e c t i v e l y ) are n o t i c e -
a b le i n the r e f l e c t a n c e curve ( f i g . I , 3 - 2 b ) , 
Also v i s i b l e are those of v i t a m i n A and beta 
c a r o t e n e ( a t 325 and 482 nm, r e s p e c t i v e l y ) , as 
l u e l l as those of water ( a t 760, 845 and 980, 
r e s p e c t i v e l y ) . 
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4, I n c r e a s i n g c o n c e n t r a t i o n s of melanin can, among 
B l a c k s , l e a d t o the p r a c t i c a l disappearance of 
a l l these bands except f o r the a and ft, haemo-
g l o b i n bands (reduced to one) and the 930 nm 
water band, 
5, Beyond 1200 nm and below 320 nm a l l races p r e s e n t 
p r a c t i c a l l y i d e n t i c a l r e f l e c t a n c e curves ( f i g . 
1.3-1). At 1200 nm and beyond the p r o f i l e of the 
curves i s dominated by the a b s o r p t i o n bands of 
water. Below 320 f l u o r e s c e n c e of the s k i n and ab-
s o r p t i o n m a i n l y by the p r o t e i n s of the s k i n are 
the dominant f a c t o r s . 
6, When passin g from the normal to the hyperemic 
c o n d i t i o n , the a , ih and ? haemoglobin a b s o r p t i o n 
bands become acc e n t u a t e d . On the c o n t r a r y , passing 
i n t o the reduced c o n d i t i o n i m p l i e s convergence of 
the and (b bands i n t o one at 565 nm s h i f t i n g of 
towards l o n g e r wavelengths. 
7, The dominance of melanin i s complete i n the red 
r e g i o n of the spectrum. Outside t h a t zone, a l -
though s t i l l the most i m p o r t a n t c o n t r i b u t o r t o 
r e f e l e c t i o n between 320 and 1200 nm, i t s impor-
tance i s by no means undisputed. Haemoglobin and 
carotene make t h e i r presence f e l t i n the form of 
l o c a l i z e d a b s o r p t i o n bands, which i n the case of 
haemoglobin o n l y become completely masked i n ex-
t r e m e l y pigmented i n d i v i d u a l s . During a prolonged 
p e r i o d a f t e r exposure to Ul/ r a d i a t i o n , melanoid 
a l s o becomes t r a n s i t o r i l y i m p o r t a n t i n the v i c i n -
i t y of 400 nm. 
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1,4, The meaning of pigmentary d i v e r s i t y . 
The idea of r e l a t i n g s k i n c o l o u r d i v e r s i t y among 
humans t o v a r i a t i o n i n the i n t e n s i t y and composition 
of s u n l i g h t seems n a t u r a l , t o laymen and a n t h r o p o l -
o g i s t s a l i k e , when o b s e r v i n g the e f f e c t s of i r r a d i a -
t i o n on the s k i n a f t e r a b r i g h t summer day and, par-
t i c u l a r l y , since a c e r t a i n r u l e of Gloger - f o r m u l a t e d 
i n r e l a t e d terms - e x i s t s i n the f i e l d of zoology. 
According t o t h i s , mammals and b i r d s i n h a b i t i n g warm 
and humid r e g i o n s are expected t o be darker than races 
of. the same species l i v i n g i n c o o l e r and d r i e r r e g i o n s , 
A thorough p r e s e n t a t i o n of the s u b j e c t would demand 
an e x p o s i t i o n of 1) the way i n which the s t r u c t u r e and 
i n t e n s i t y of s u n l i g h t v a r i e s w i t h environment, 2) the 
body's r e a c t i o n t o s u n l i g h t , 3) the e x t e n t to which 
c o l o u r d i v e r s i t y can be e x p l a i n e d by the two f i r s t 
l o g i c a l s t e p s , and 4) c o n s i d e r i n g a l t e r n a t i v e non-
a c t i n i c mechanisms which may act i n s u b s t i t u t i o n of 
or complementary t o those a l r e a d y proposed. For the 
sake of f l e x i b i l i t y , and c o n s i d e r i n g the n a t u r a l 
l i m i t a t i o n s imposed by t h e c h a r a c t e r of t h i s work, 
n e i t h e r r i g i d adherence t o any e x p o s i t i o n order nor 
thorough p r e s e n t a t i o n w i l l be attempted here. 
The e x t e n s i o n and r e g i o n s of the f u l l spectrum of 
e l e c t r o m a g n e t i c r a d i a t i o n has already been exposed 
elsewhere. I t should be added t h a t a l l r a d i a t i o n 
below 286-290 nm, e x c e p t i n g t h a t produced i n a r t i -
f i c i a l sources, i s e f f i c i e n t l y prevented by the a t -
mosphere from r e a c h i n g t he su r f a c e of the e a r t h 
( f i g , 1.4-1), The amount and d i s t r i b u t i o n of energy 
of the s o l a r r a d i a t i o n r e c e i v e d at the surface v a r i e s 
w i d e l y from place t o p l a c e owing t o the i n f l u e n c e of 
a s e r i e s of f a c t o r s : 
1) The s o l a r z e n i t h angle (depending on the l a t i t u d e , 
time of day and season), d e t e r m i n a t i n g g r e a t e r or 
l e s s e r p e r p e n d i c u l a r i t y of the s o l a r days. Greater 
p e r p e n d i c u l a r i t y i m p l i e s l e s s e r s k i n area d i r e c t l y 
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exposed, b u t a l s o l e s s a b s o r p t i o n , r e f l e c t i o n and 
s c a t t e r i n g of s u n l i g h t ( f i g , 1,4-2), 
2) A l t i t u d e , l i n e a r l y r e l a t e d t o atmospheric p r e s -
s u r e . E l e v a t i o n above sea l e v e l means decreased 
r e f l e c t i o n , a b s o r p t i o n and s c a t t e r i n g . 
w a v C L I a c r i t , . 
SPECTXAJL DBTTUBLTIO."* OF SU.NLICHT AT THE 
Sc-XFACz or THE EAUTH fafter Moon, 1941). Curve 1, 
with stin at zenith. Cur\e 2, with jiin at 60* (four 
houn) from zenith. V, ipcctral limits of human 
vision. E, spectraj limits (within sunlight) for sunburn, 
antirachitic action and cancer induction. 
' ' N I ' ' ' 
r t g . 1 . 4 - 1 . 
( A f t e r Blum, 1 9 6 1 ) . 
TOT*. tWLMMT _ w a r n M M K SAOUTai 
Map of the distribution of brown ikin color (After Fleurc, 1945) 
On tbe left, distribution o f total sunlight with latitude. £, at equinox- S, at summer solstice; W, at 
winter solstice. On the right, distribution of sunbuming radiation (wavelength shorter than 0.y2ii) with 
bcitude. E, at equinox, S, at summer solstice; W, at winter solstice. The curves on the right and left are 
baaed on values from Moon (1941) . Note that the curves for summer and winter solstices are distorted 
by the Mercator projection. These curves, based on Lght incident upon a surface normal to the sun's 
rays, neglect scattering from the sky, which may be very.important in the case of the sunbuming radia-
t iOQ, and also neglect geometrical relationships of the human body profile with respect to the radiant 
enviioament. Thry are thus to be considered only as rough guides. 
3) Composition and s t r u c t u r e of the atmosphere: c l o u d -
i n e s s , p r e c i p i t a t i o n and haze, smoke, dust and f o g , 
r e l a t i v e c o n c e n t r a t i o n s of d i f f e r e n t gases and 
d e n s i t y of t h e a i r , h e a t , wind and h u m i d i t y . Heat, 
wind and h u m i d i t y have an adverse e f f e c t on UU 
i n j u r i e s by l o w e r i n g the e r y t h e m a t i c t h r e s h o l d 
o f r a d i a t i o n . I n c r e a s e d f i g u r e s of a l l o t h e r s 
mean g r e a t e r a b s o r p t i o n , r e f l e c t i o n and s c a t t e r i n g . 
The gases are not e q u a l l y e f f e c t i v e i n a l l r e g i o n s 
of t h e spectrum and the albedo ( r e f l e c t a n c e c a p a c i t y ) 
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of c l o u d s i s ve r y v a r i e d 
4) U n d e r l a y i n g s u r f a c e r e f l e c t i v i t y . As i m p o r t a n t as 
the incoming r a d i a t i o n i s at times the r a d i a t i o n 
l e a v i n g t he s u r f a c e . S u n l i g h t r e f l e c t e d from the 
P i g . 1 .4-2. Surface area of d i r e c t s u n l i g h t exposure and a 
standing man f a c i n g the sun at d i f f e r e n t s o l a r e l e v a t i o n s . 
( A f t e r Jung, 1975). 
s o i l or from a water s u r f a c e can have a t a n n i n g 
e f f e c t and even c o n t r i b u t e t o the genesis of s k i n 
cancer 
5) Thickness of ozone l a y e r . Ozone ( O ^ ) , the most 
i m p o r t a n t a b s o r b i n g agent, shows i m p o r t a n t d i f -
f e r e n c e s i n t h i c k n e s s a l l around the g l o b e , a p a r t 
(1 ) UU r a d i a t i o n i s reduced by ozone, UL i s f i l t e r e d by 
mater vapour and, p a r t i c u l a r l y , by oxygen. IR i s f i l -
t e r e d by carbon d i o x i d e and water vapour. 
Clouds have an average albedo of 50 per c e n t , but 
a c t u a l l y vary between a s m a l l percentage and 90 per 
cent (Drummond, 1958). 
( 2 ) Grass, a l t h o u g h g r e a t l y dependent of i t s g e n e r a l 
s t a t e , shows an average albedo of 2 0 t o 25 per c e n t . 
I n g e n e r a l , t he h i g h e s t albedos are those of f r e s h l y 
f a l l e n snow and the lowest are those of water s u r -
f a c e s . Large water s u r f a c e s can, however, possess 
h i g h r e f l e c t a n c e i n d i c e s when the sun approaches the 
l i n e of the h o r i z o n '(Drummond, 1958), 
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from seasonal changes. S i t u a t e d betiueen 20 and 40 
km h i g h , the l a y e r i s t h i n n e r a t the equator and 
t h i c k e r at the p o l e s , a d i f f e r e n c e mhich i s max-
imised by the i n c r e a s i n g o b l i q u i t y (meaning i n -
c r e a s i n g l e n g t h ) of the path t r a v e l l e d by the sun 
r a y s atuay from the e q u a t o r i a l band betvueen the 
(1 ) 
t r o p i c s ^ , 
Exposure of human s k i n t o s u n l i g h t has, i n s e c t i o n 
1,2, been shoujn t o provoke p r i m a r y m e l a n i z a t i o n ( p i g -
m e n t a t i o n ) l u i t h erythema and immediate darkening of 
preformed pigment ( I P D ) , l u i t h p r e f e r e n c e i n the r e -
gi o n s of s h o r t UU and long UU r a d i a t o r s r e s p e c t -
i v e l y . The f i r s t process has a r e l a t i v e l y l a t e ap-
pearance and l a s t s f o r months, u j h i l e the second one 
i s e x t r e m e l y ephimerous and appears u j i t h o u t d e l ay. 
I n p r a c t i c e , however, t h e r e i s ample o v e r l a p i n uiave-
l e n g t h betiueen both processes, 'since the f i r s t one 
i s a l s o i n i t i a t e d i n pigmented ( n o n - u j h i t e ) s k i n s by 
r a d i a t i o n above the 320 nm bord e r , uj h i l e the second 
one i s a l s o evoked - - a l t h o u g h l e s s e f f i c i e n t l y - - by 
r a d i a t i o n between 300 and 320 nm. 
The e r y t h e m a t i c response ( r e d d e n i n g of the s k i n ) , 
mhich always accompanies p i g m e n t a t i o n ( b u t not neces-
s a r i l y I P D ) , i s a s s o c i a t e d t o an enlargement of the 




an i n c r e a s e i n the f l o w of a r t e r i a l blood ^ ' and i n 
the p r o p o r t i o n of c i r c u l a t i n g oxy-haemoglobin 
(hyperemia) (Edwards & D u n t l e y , 1939.), At the same 
(1) When the sun passes above the e q u a t o r , i t s atmospheric 
p a t h t o the southern p a r t s of S c o t l a n d and Sweden i s 
1,5 times the c o r r e s p o n d i n g path t o the equa t o r , but 
on l y 0,75 times i t s path t o the p o l e s (Coon, 1965), 
(2) D e t e c t a b l e by the lowered p o s i t i o n of the r e f l e c t a n c e 
curve i n the blue and green r e g i o n s , 
(3) Revealed by the pronounced t w i n a b s o r p t i o n bands of 
oxy-haemoglobin. 
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t i m e , t h e r e i s an ascent of s k i n temperature c l o s e l y 
f o l l o i u e d by a cor r e s p o n d i n g i n c r e a s e i n pulse r a t e , 
t o g e t h e r l u i t h e x t e n s i o n of the erythema beyond the 
i r r a d i a t e d area (Ramsay & C h a l l o n e r , 1976), Asso-
c i a t e d t o a l l these changes, Thomson (1951 ) observed 
d i m i n i s h e d sujeating r a t e , mhich he a t t r i b u t e d t o 
blockage of the siueating gland ducts ( d e t e c t a b l e by 
the presence of v e s i c u l a r r a s h ) and to reduced siueat 
s e c r e t i o n ( b r o u g h t about, i t u/as suggested, by t o x i n s 
d i f f u s e d from the i n j u r e d e p i d e r m i s ) . With i n c r e a s i n g 
d o s i s of 30D nm r a d i a t i o n , Ramsay and Challoner ob-
served t h a t a c e r t a i n b l u i s h t i n g e developed, i n com-
b i n a t i o n l u i t h marked f a l l of blood f l o i u i n the super-
f i c i a l dermis and an in c r e a s e i n the t o t a l dermic 
b l o o d f l o u j . T h i s c o n d i t i o n luas t e n t a t i v e l y e x p l a i n e d 
as due t o s t a s i s i n the s u p e r f i c i a l v e s s e l s ( p r e -
f l ) 
sumably secondary t o v a s c u l a r damage)^ . A f t e r 
r e a c h i n g a maximum the hyperemic c o n d i t i o n e n t e r s 
a l o n g - l a s t i n g r e c e s s i o n , luhich i m p l i e s d i m i n i s h e d 
( 2) 
b l o o d f l o i u ^ ' and displacement of the haemoglobinic 
balance tou/ards the reduced si d e Lagging the 
s t a r t of the hyperemic c o n d i t i o n , p i g m e n t a t i o n takes 
almays place u/henever the ep i d e r m a l c e l l s have not 
been s e v e r e l y damaged by UV r a d i a t i o n but i n 
(1) For many years i t has been accepted miyhout e x p e r i m e n t a l 
p r o f t h a t the r e l e a s e of a v a s o a c t i v e m a t e r i a l and i t s 
d i f f u s i o n t o the dermis mas r e s p o n s i b l e f o r the d i l a t a -
t i o n of i t s blood v e s s e l s (Leiui s , 1927). Hoiuever, Pathak's 
f i n d i n g s (Pathak, 1967) t h a t between 5 and 15 per cent 
of wavelengths belou/ 320 nm reach the dermal p a p i l l a e , 
r e - a c t u a l i z e again Finsen's h y p o t h e s i s (1899) on d i r e c t 
a c t i o n of UV r a d i a t i o n on the v e s s e l s , 
(2) Revealed by i n c r e a s e d r e f l e c t a n c e i n the r e g i o n of the 
t w i n bands ( t h e green r e g i o n ) , 
(3) R e f l e c t e d i n the b l u n t i n g of the two t w i n bands. 
( 4 ) The whole sequence of e v e n t s , as uncovered by the changes 
i n the r e f l e c t a n c e c u r v e , i s d e a l t w i t h i n s e c t i o n I \ y , l , 
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s e v e r e l y i n j u r e d s k i n (sunburn) melanogenesis may be 
poor and p i g m e n t a t i o n not markedly v i s i b l e . 
At the l e v e l of the biomolecule the events are 
i n i t i a t e d w i t h the a b s o r p t i o n by the e l e c t r o n s of the 
energy brought by incoming photons. When, a f t e r w a r d s , 
t h i s energy i s r e l e a s e d again i t can provoke chemi-
c a l r e a c t i o n s at the biomolecule i t s e l f ( n o r m a l l y i n 
i t s DNA) or at ad j a c e n t s i t e s (Jung, 1975). About 70 
per cent of these DNA a l t e r a t i o n s are i d e n t i f i a b l e 
as c y c l o b u t i n e dimers between a d j a c e n t thymines at 
the same DNA s t r a n d , and they i n t e r f e r e w i t h the 
DNA's elementary f u n c t i o n s ( r e p l i c a t i o n and t r a n s -
l a t i o n ) . As a f i r s t consequence, e p i d e r m a l r e p l i c a -
t i o n stops and the m e t a b o l i c r o l e of the k e r a t i n o -
c y t e s i s d i s t u r b e d ( r e s u l t i n g i n s w e l l i n g of the 
cytoplasm and a b e r r a n t k e r a t i n i z a t i o n ) , Erythema has 
pro g r e s s e d t o sunburn which, when c h r o n i c a l l y r e -
p e a t e d , p r o p i t i a t e s the appearance of s k i n cancer. 
Three a l t e r n a t i v e paths f o r d i s p o s a l of the incoming 
energy i n v o l v e , however, the p a r t i c i p a t i o n of mel-
a n i n i n a p r o t e c t i v e r o l e . These a r e : l ) l i g h t s c a t -
t e r i n g , i n v o l v i n g a t t e n u a t i o n of the imp i n g i n g r a d i -
a t i o n by m u l t i p l e r e f l e c t i o n and d i s p e r s i o n of the 
l i g h t r a ys i n the melanosomes, 2) cynematic absorp-
t i o n of r a d i a n t energy and i t s subsequent d i s s i p a -
t i o n as l e s s h a r m f u l heat, and 3) g e n e r a t i o n of f r e e 
r a d i c a l s and o x i d a t i o n by a b s o r p t i o n of incming en-
ergy a t the s u r f a c e of the melanosomes. Pathak (1967) 
found evidence of at l e a s t two d i f f e r e n t f r e e r a d -
i c a l s : one i n mel a n i n , generated by s h o r t and long 
U\l and by UL r a d i a t i o n , and the o t h e r i n the e p i -
dermal p r o t e i n s ( p r i m a r i l y k e r a t i n ) , o r i g i n a t e d by 
s h o r t wave UU r a d i a t i o n . 
The main f u n c t i o n of the melanosomes seems t o be 
t h a t of p r o t e c t i n g the melanocytes and the k e r a t i n o -
c y t e s (around whose n u c l e i , e s p e c i a l l y the k e r a t i n o -
c y t e s ' n u c l e i , they are a r r a n g e d ) , but also o t h e r 
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dermic s t r u c t u r e s such as sweat glands and blood ves-
s e l s o b t a i n b e n e f i t from t h e i r screening a c t i o n . Pro-
t e c t i o n i s e x e r t e d by absorbing the incoming photons, 
but a l s o by a c t i n g as r a d i c a l quenchers and p r e v e n t i n g 
the f i r s t u n d e s i r e d chemical events from happening, 
and - i f the damage occurs - by removing the h a r m f u l 
U\y-induced dimers or by p h o t o - r e a c t i v a t i o n and p o s t -
rep l i c a t i o n a l r e p a i r , a l l o w i n g the ep i d e r m i s t o r e -
g a i n i t s f u l l i n t e g r i t y . I f , however, these r e p a i r 
processes are overcharged, they become unable of r e -
g e n e r a t i n g the damaged DNA, i n i t i a l erythema p r o -
gresses t o sunburn and, e v e n t u a l l y , a f t e r a v a r i a b l e 
l e n g t h of t i m e , t o s k i n cancer. 
Al t h o u g h the c o n n e c t i o n between sunburn and UU-
r a d i a t i o n was a l r e a d y known by the middle of the 
19th c e n t u r y , i t was not u n t i l the begin n i n g of t h i s 
c e n t u r y t h a t Finsen (1900) demonstrated t h a t the s k i n 
of Europeans r e a c t e d t o exposure to u l t r a v i o l e t rays 
by p r o d u c i n g pigment, which l e d him t o conclude t h a t 
m elanin p r o t e c t e d a g a i n s t those rays by absorbing 
them s u p e r f i c i a l l y . I t was shown l a t e r by Edwards and 
D u n t l e y ( 1 9 5 1 ; 1939) t h a t f i v e d i f f e r e n t substances 
are the main r e s p o n s i b l e f o r the c o l o u r of the s k i n 
- m e l a n i n , melanoid, carotene and the. two haemo-
g l o b i n s - and t h a t , i n a white s u b j e c t , a s i n g l e ex-
posure t o s u n l i g h t i s capable of p r o v o k i n g l o n g -
l a s t i n g hyperemia and changes i n the c o n c e n t r a t i o n s 
of m elanin and melanoid (ephimerous the l a s t o n e ), 
but t h a t t h e r e were no a l t e r a t i o n s i n the p r o p o r t i o n 
of c a r o t e n e which c o u l d be d e f i n i t i v e l y r e l a t e d t o 
i r r a d i a t i o n . S e v e r a l s c h o l a r s (Thomson, 1951; Lee & 
Lasker, 1959) found t h a t much higher d o s i s of r a d i a -
t i o n are r e q u i r e d i n Blacks and Mongoloids t o p r o -
(1 ) 
( n e x t page) duce erythema than among Whites ^ , the o r d e r being: 
Blacks > Mongoloids > Whites, Thomson found a l s o t h a t 
no s i g n i f i c a n t a l t e r a t i o n i n sweating r a t e was p r o -
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duced i n black s k i n by d o s i s of r a d i a t i o n which pro-
voked a marked r e d u c t i o n i n white s k i n . 
The sequel of r e l a t i v e l y minor p h y s i c a l i m p a i r -
ments f o l l o w i n g erythema among the i l l - a d a p t e d ( r e -
duced sweating r a t e , f e b e r , t h e r m i c a l shock and c o l -
l a p s e ; or excessive p r e s p i r a t i o n - i f s e n s i t i v i z e d -
r a s h , d i h y d r a t i o n , cramps and c o l l a p s e ) , although 
r a r e l y l e a d i n g t o death, are l i k e l y t o have had a 
s e l e c t i v e impact on our a n c e s t o r s ' c a p a c i t y to r a i s e 
up a f a m i l y by i n t e r f e r i n g w i t h t h e i r a c t i v i t i e s as 
food producers and h u n t e r - g a t h e r e r s . The f a c t o r pro-
posed as the main s e l e c t i v e agent i s , however, cancer 
of the s k i n . P i e r s (1948) and S c h r i r e (1958) have ex-
p l a i n e d the normal and abnormal r e a c t i o n s of s k i n 
a f t e r c h r o n i c exposure t o i n t e n s i v e s u n l i g h t . While 
the b r u n e t t e White r e a c t s t o over-exposure by t a n n i n g , 
t h e pale White f a i l s t o t a n . I n s t e a d , he t u r n s red 
and develops b l i s t e r s . T h i c k e n i n g of the exposed areas 
of the s k i n ( a c a n t h o s i s ) and development of patchy, 
brownish p i g m e n t a t i o n takes place over the years, 
f a k i n g the t a n n i n g process, f o l l o w e d by roughening 
and dryness of the s k i n ( k e r a t o s i s ) . Some sk i n s s t a r t 
d e v e l o p i n g u l c e r s , which a f t e r some time emerge as 
f u l l y e volved malignant neoplasms, S c h r i r e r e p o r t s on 
numerous cases of rodent u l c e r and e p i t h e l i o m a of the 
l i p ( t h e two most common forms of f a c i a l s k i n cancer) 
as being much more f r e q u e n t among w h i t e s ( e s p e c i a l l y 
of blond complexion) than among Cape Coloured (mainly 
I n d i a n i m m i g r a n t s ) , and e n t i r e l y absent among Bushmen 
and Bantu. S i m i l a r o b s e r v a t i o n s were made by P i e r s i n 
Kenya and by medical r e s e a r c h e r s i n Southern United 
S t a t e s and A u s t r a l i a , Since a c c o r d i n g t o usual medical 
( l ) The d i s p a r i t y of f i g u r e s f o r the p r o p o r t i o n of d i f f e r e n t 
l e v e l s of r a d i a t i o n suggest t h a t the r e l a t i o n s h i p r a d i -
a t i o n / e r y t h e m a i s not l i n e a r , 
Lee & Lasker: Negroes/Whites = 2,2, Mongoloids/Whites = 
1.3, Thomson ( q u o t i n g a former work by Hauser & Uahle): 
Negroes (1 s u b j e c t ) / W h i t e s = 10. 
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d a t a (which come from s o c i e t i e s where o c c i d e n t a l 
c l o t h i n g p r e v a i l s ) , s k i n cancer does not s e r i o u s l y 
f 1 ) 
a f f e c t p a t i e n t s u n t i l g e n e r a l l y advanced age , 
i t has been concluded by some t h a t - in c i d e n c e being 
maximal w e l l a f t e r the onset of the r e p r o d u c t i v e 
p e r i o d - the s i g n i f i c a n c e of cancer as a s e l e c t i v e 
agent i s n u l l (Blum, 1961; Leguebe, 1977). However, 
S c h r i r e says, commenting the a l b i n o Bantus' low i n -
cidence of r o d e n t u l c e r : "rodent u l c e r take many 
y e a r s t o develop i n Europeans, and i t appears t h a t 
t he a l b i n o Bantu may not l i v e long enough f o r t h i s 
t o happen, but d i e s at a y u o t h f u l age from e p i t h e -
l i o m a of the s k i n " . The a l b i n o Bantu l i v e s i n h i s 
c h i l d h o o d and youth i n h i s k r a a l , u n c l o t h e d and n a t -
( ? ) 
u r a l , where he undergoes the i n i t i a t o r y phases ^ 
Among the a l b i n o I n d i a n s i n Cuna (Mc Fadden, 1961) 
100 per cent of the c h i l d r e n had developed prema-
l i g n a n t s k i n changes by the age of seven. White 
c h i l d r e n l i v i n g in; the New Guinea h i g h l a n d s a l s o 
develop s k i n cancers before p u b e r t y . 
C r i t i c i s m a g a i n s t the r o l e of s k i n cancer as se l e c -
t i v e agent has i m p l i c i t e l y assumed t h a t the chrono-
l o g i c d i s t a n c e between the onset of the r e p r o d u c t i v e 
p e r i o d and death or severe p h y s i c a l d e f o r m i t y have 
t h r o u g h o u t thousands of years of e v o l u t i o n remained 
more or l e s s c o n s t a n t , w i t h the second c o n v e n i e n t l y 
( 1 ) I n S c h r i r e ' s data only 2 per cent of the cases of rodent 
u l c e r and 1 per cent of those w i t h e p i t h e l i o m a of the 
l i p came under medical c o n t r o l under the age of t h i r t y . 
Among P i e r s ' cases of cutaneous cancer ( a l l s o r t s ) 1,96 
per cent were under t h i r t y . A l l cases r e p o r t e d by 
S c h r i r e (around 500) were of f a c i a l carcinoma, w h i l e 
95,51 of those r e p o r t e d by P i e r s were a f f e c t e d on 
e i t h e r the face or the head. 
( 2 ) At the r e s p e c t , i t must be mentioned t h a t Thomson 
(1951) found the s k i n of the a l b i n o Negro i n c l u d e d 
i n h i s experiment t o be t y p i c a l l y European i n r e f l e c -
tance v a l u e s and i n t r a n s m i s s i o n of l i g h t per u n i t of 
t h i c k n e s s . 
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l a g g i n g the f i r s t . That i s not n e c e s s a r i l y t r u e . I n 
a d d i t i o n , the d i s f i g u r a t i o n s which e x t e n s i v e l y a f f e c t 
the p a t i e n t s of s k i n cancer may, at the time of 
m a t i n g , have a l r e a d y a f f l i c t e d our t r o p i c a l f o r e -
r u n n e r s , d e p r i v e d - as they were - of any p r o t e c t i v e 
o c c i d e n t a l c l o t h i n g . T h i s f a c t o r should have s e v e r e l y 
l i m i t e d t h e i r chances f o r r e p r o d u c t i o n , by s u b j e c t i n g 
those a f f l i c t e d ' t o some s o r t of ne g a t i v e 'sexual' 
s e l e c t i o n . I f , i n d e e d , they had not died b e f o r e , as 
the a l b i n o Bantus c i t e d by S c h r i r e , I n the t h i r d 
p l a c e , the so c a l l e d 'promoting' f a c t o r - d e c i s i v e 
i n the development of carcinoma ( S c h r i r e , 1958 c ) - -
i s supposed t o be repeated minor trauma, which was 
presumably much more common among our ' p r i m i t i v e ' an-
c e s t r o r s than among modern White South A f r i c a n s or 
Kenyans, Thus,- t h e r e i s abundant ground f o r advo-
c a t i n g f o r a r o l e as s e l e c t i v e agent f o r mali g n a n t 
carcinoma of the s k i n . 
Not many s c h o l a r s today o b j e c t t o the g e n e r a l 
l i n e s of t h i s t h e o r y , but i t i s by no means the only 
one a t t e m p t i n g t o g i v e an e x p l a n a t i o n of the observed 
f a c t s . The c o r r e c t n e s s of the preceding i n t e r p r e t a -
t i o n had a t an e a r l y stage been ch a l l e n g e d by G u i l -
laume (1926) and Miescher (1930), who b e l i e v e d the 
r e a l p r o t e c t i v e agent t o be increased t h i c k n e s s of 
the s t r a t u m corneum, through a mechanism b r o a d l y par-
a l l e l t o t h a t proposed f o r melanin. The a n t h r o p o l o g -
i c a l w o r l d became t h u s d i v i d e d i n two a n t a g o n i s t i c 
f a c t i o n s . I n an a t t e m p t t o put an end t o the d i s p u t e , 
Thomson (1955) found t h a t the stratu m corneum of 
A f r i c a n Negroes was t h i c k e r than t h a t of Europeans, 
a l t h o u g h not s i g n i f i c a n t l y so, and t h a t the t r a n s -
m i s s i o n of UU l i g h t per u n i t of t h i d k n e s s was g r e a t e r 
i n w h i t e s . He a l s o found t h a t the t r a n s m i s s i o n index 
f o r an a l b i n o B l a c k , i n c l u d e d i n the A f r i c a n group, 
was comparable t o the European and not t o the A f r i c a n , 
as were h i s r e f l e c t a n c e values. From a l l t h i s , he 
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l o g i c a l l y concluded t h a t melanin must be the reason 
f o r the d i f f e r e n c e s between Blacks and Whites. His 
c o n c l u s i o n s were accepted by Blum (196 1 ) , i n a mod-
i f i e d form, and i n t e g r a t e d i n h i s own theory which 
gave the t h i c k n e s s of the horny l a y e r the main r o l e . 
Thomson's i n c o n c l u s i v e r e s u l t s r e g a r d i n g horny l a y e r 
(1 ) 
t h i c k n e s s ^ ' can be compared w i t h Munro's (1967), 
who found a very h i g h c o r r e l a t i o n (r=+0.87) between 
melanin c o n c e n t r a t i o n and t h i c k n e s s of the stratum 
corneum, even though sample -.sizes were s m a l l . In ad-
d i t i o n , not o n l y c o r n e a l b u t a l s o e p i d e r m a l t h i c k n e s s 
i s s i g n i f i c a n t l y s m a l l e r i n Whites, w i t h c o r n e a l . 
t h i c k n e s s e s p e c i a l l y v a r y i n g s i g n i f i c a n t l y from 
Whites t o A f r i c a n Negroes, going through - i n t h i s 
o r d e r - New Guineans, American Negroes and A u s t r a l i a n 
a b o r i g i n e s . Dung (1975) found t h a t by c o n t r o l l e d ex-
posure t o UU r a d i a t i o n , a maximum pigmentary s t i m u l -
a t i o n , i m p l y i n g a 1 0 - f o l d i n c r e a s e of the MED ( m i n i -
mum e r y t h e m a l dose,), can be induced i n Caucasians, 
w h i l e among a l b i n o s - where pigment s t i m u l a t i o n can 
not take p l a c e •- the same procedure leads t o t h i c k -
ening of the e p i d e r m a l l a y e r s ( a c a n t h o s i s ) , which can 
p r o v i d e a ' i t - f o l d p r o t e c t i o n . Both e f f e c t s t o g e t h e r 
can, i n a normal w h i t e s k i n , r e s u l t i n a 4 0 - f o l d i n -
crease of the MED, 
I t was soon r e a l i z e d t h a t . Black absorbing more 
l i g h t than White, the presence of deeply pigmented 
s k i n s i n the t r o p i c s p l a n t e d a problem s i n c e , from 
the p o i n t of view of t h e r m o r e g u l a t i o n , at high, en-
v i r o n m e n t a l t e m p e r a t u r e s s k i n seemed t o be at d i s -
( n e x t page) advantage ^ , The problem had, however, been par-
t i a l l y o v e r - e s t i m a t e d , as Baker (1958 ) found, i n 
s t u d y i n g American Blacks and Whites, t h a t Negroes 
( l ) Thomson h i m s e l f r e a l i z e d the l i m i t a t i o n s i n v o l v e d i n 
h i s methodology f o r s e p a r a t i o n of the horny l a y e r . 
They may have a f f e c t e d the r e s u l t s . 
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show h i g h e r heat t o l e r a n c e than Whites under h o t -
wet ( t r o p i c a l ) c o n d i t i o n s , w h i l e the reverse i s 
t r u e under exposure t o s u n l i g h t i n h o t - d r y (des-
e r t i c ) c o n d i t i o n s . Baker concluded t h a t Negroes 
were capable of d i s s i p a t i n g more heat than Whites 
w i t h o u t a p r o p o r t i o n a t e l y g r e a t e r sweat l o s s , i n -
f e r i n g t h a t t h i s must be p o s s i b l e because of higher 
( 1 ) 
s k i n temperature i n Negroes ^ . I n a d d i t i o n , when 
B l a c k s were p r o t e c t e d from the sun, t h e i r r e c t a l 
t e m p e r a t u r e s under h o t - d r y c o n d i t i o n s were the same 
and even lower than those of Whites. 
Thus, a deeply pigmented s k i n i s not needed away 
from the t r o p i c s , but absence of s e l e c t i v e pressure 
does not account f o r the extremely pale s k i n s found, 
f o r i n s t a n c e , i n n o r t h e r n Europe. How d i d they come 
about? A b r i l l i a n t l y conceived e x p l a n a t i o n was a l -
ready e l a b o r a t e d by Murray i n 1934. The same UUB 
wavelengths which produce' erythema and sunburn 
( e v e n t u a l l y a l s o cutaneous cancer) generate m e l a n i n , 
and v i t a m i n D, I t i s a g e n e r a l i z e d assumption t h a t , 
by i r r a d i a t i o n of the s k i n , 7 - d e h y d r o c h o l e s t e r o l 
( p r o - v i t a m i n D-j) — g e n e r a t e d from c h o l e s t e r o l present 
i n the s k i n and, t o a l e s s e r e x t e n t , i n the blood- -
i s t r a n s f o r m e d i n t o v i t a m i n D and a number of other 
s u b p r o d u c t s . 
A l t h o u g h as f a r back as 1894 N i e l s Finsen success-
f u l l y u t i l i z e d c o n c e n t r a t e d s u n l i g h t i n d e s t r o y i n g 
( 2 ) When the s u r r o u n d i n g temperature i s so high t h a t the 
normal processes of heat d i s s i p a t i o n (by i r r a d i a t i o n , 
c o n v e c t i o n and p e r s p i r a t i o n ) f a i l t o be s u f f i c i e n t 
the core temperature of the body can r i s e so much 
over the stand a r d 98,6°F t h a t death can i n extreme 
cases occur, 
( 1 ) I t i s seldom mentioned t h a t a l t h o u g h more heat i s 
absorbed by Black s k i n , i t p e n e t r a t e s much deeper i n 
the s k i n among Whites ( f i g , 1,2-2), which maximizes 
among Blacks the e f f i c i e n c y of c o n v e c t i o n and i r r a -
d i a t i o n . 
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l o c a l cutaneous i n f e c t i o n s , i t was not u n t i l the d i s -
c l o s u r e of the r o l e of the UM r e g i o n of the spectrum 
i n the cure of r i c k e t s t h a t i t s n u t r i t i o n a l r o l e be-
came f u l l y e v i d e n t . Even i f r i c k e t s i s not n o r m a l l y 
a f a t a l d i s e a s e , osteomalacia (severe r i c k e t s ) --by 
d e f o r m i n g t h e female p e l v i s - - g r o s s l y i m p a i r s or 
even d e s t r o y s the r e p r o d u c t i v e c a p a c i t y . I t i s o l d 
knowledge t h a t c o l o u r e d i n f a n t s l i v i n g i n n o r t h e r n 
l a t i t u d e s are more prone t o r i c k e t s than white c h i l -
dren ( A b t , 1923), There i s a g r a d u a l decrease i n the 
i n t e n s i t y of UU r a d i a t i o n away from the e q u a t o r , 
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rig. 1.4-5 . D i e t r l b u t i o n 
of human s k i n colour before 
1492. ( A f t e r LooaiB, 1967). 
n a t u r a l environment i s thought t o a l l o w enough v i t -
amin D s y n t h e s i s t o cover the needs of normal bone 
growth and, a t the same t i m e , t o p r o t e c t a g a i n s t 
the h a r m f u l e f f e c t s of r a d i a t i o n . The s i t u a t i o n 
has r e c e n t l y been d e s c r i b e d as: "the degree of mel-
a n i z a t i o n i s regarded as a compromise between v i t -
amin D r e q u i r e m e n t s and r e q u i r e m e n t s t o p r o t e c t the 
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DNA of the bas a l c e l l s from m u t a t i o n a l damage" (Da-
n i e l s e t a l . , 1972).. 
l/it a m i n D does not seem t o be a s t a b l e substance, 
which might account f o r the f a c t t h a t no cases of 
h y p e r - v i t a m i n o s i s have ever been r e p o r t e d among 
Whites l i v i n g i n or near the t r o p i c s . However, Osier 
and Mc Crae (1920) -when e x p l a i n i n g the so c a l l e d 
f u n c t i o n a l nervous dis e a s e s , e s p e c i a l l y t r o p i c a l 
n e u r a s t h e n i a ( t h e d i s o r d e r which most p e r s i s t e n t l y 
a f f l i c t s White r e s i d e n t s of the t r o p i c s ) - comment 
the abnormal c a l c i u m s a l t s and phosphates present i n 
the u r i n e of a f f e c t e d people. T h i s evidences some, 
degree of abnormal metabolism of c a l c i u m and phos-
phorus ( t h e very same elements which v i t a m i n D i s to 
met a b o l i z e i n t o normal t i s s u e ) . Another d i s o r d e r , 
presumably due t o excessive p h o t o s y n t h e s i s of phos-
phorus and c a l c i u m , i s a r t e r i o s c l e r o s i s , also a f f e c t -
i n g Whites i n the t r o p i c s . I n s u b - t r o p i c a l B r i t i s h 
I n d i a i t was common say t h a t few c o n t i n u o u s l y r e s i d e n t 
w h i t e f a m i l i e s s u r v i v e d the t h i r d g e n e r a t i o n . Simi-
l a r p i c t u r e s of decaying h e a l t h come from the white 
communities l i v i n g i n the s u n n i e s t south A t l a n t i c 
seaboards of the U.S., the West I n d i e s and the P h i l -
l i p i n e s (Murray, 1934). These two h y p o t h e s i s , melanin 
as a p r o t e c t i v e b a r r i e r and v i t a m i n D and r i c k e t s , 
which a c t u a l l y complement each o t h e r , have f o r many 
years been the standard e x p l a n a t i o n f o r the v a r i a t i o n s 
i n p i g m e n t a t i o n . U n f o r t u n a t e l y , the s i t u a t i o n has to 
a g r e a t e x t e n t become g r e a t l y p o l a r i z e d between Blacks 
and Whites, w i t h l i t t l e t h e o r e t i c a l and p r a c t i c a l r e -
search done t o e x p l a i n o t h e r p o p u l a t i o n s . Most of 
them f i t reasonably w e l l i n between, p a r t l y due to 
the d i f f i c u l t y -even i m p o s s i b i l i t y - of q u a n t i f y i n g 
the e n v i r o n m e n t a l v a r i a b l e s i n o r d e r t o determine the 
expected e f f e c t and c o n t r a s t i t a g a i n s t the observed 
one. The task i s not easy since n o t only c l i m a t e but 
al s o f a c t o r s such as f a s h i o n , h a b i t s , k i n d of work 
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and n u t r i t i o n - j u s t to name the b a s i c ones - p l a y 
an i m p o r t a n t r o l e . U n f o r t u n a t e l y l i t t l e or n o t h i n g 
has been done i n t h i s t e r r a i n . Modern a r t i c l e s on 
s k i n c o l o u r show an amazing lack of e t h n o g r a p h i c and 
e n v i r o n m e n t a l i n f o r m a t i o n on the p o p u l a t i o n s under 
s t u d y . The r e l e v a n c e of the s u b j e c t can be e a s i l y 
r e a l i z e d by q u o t i n g Edwards and Duntley (1939) who 
found t h a t , a f t e r a one-hour exposure t o the mid-
day August sun, the s k i n of a normal male a d u l t 
( w h i t e , judged from the r e f l e c t a n c e r e a d i n g s ) had 
n o t r e t u r n e d t o i t s o r i g i n a l r e f l e c t a n c e readings 
n i n e and a h a l f months l a t e r . 
As a p r o o f a g a i n s t the v a l i d i t y of the melanin-
v i t a m i n D h y p o t h e s i s i s o f t e n advocated the c o e x i s t -
ence under c l o s e l y s i m i l a r c l i m a t i c c o n d i t i o n s of 
p o p u l a t i o n s w i d e l y d i v e r g i n g i n s k i n c o l o u r : p a r t i -
c u l a r l y , the presence of the A u s t r a l i a n aborigenes 
i n t h e i r c e n t r a l d e s e r t , of the Sudanese Negroes i n 
t h e i r savannahs, black Melanesians i n c e r t a i n c o l d 
and m o i s t i s l a n d s of the P a c i f i c and of c o m p a r a t i v -
e l y pigmented p o p u l a t i o n s a l l around the a r c t i c 
c i r c l e . 
I n p r a c t i c e , h e a v i l y pigmented p o p u l a t i o n s i n 
t h e i r A u s t r a l i a n d e s e r t ( r e a l l y a semi-desert o n l y ) 
and Sudanese savannah are seldom exposed t o extreme 
d r y - h o t c o n d i t i o n s e q u i v a l e n t t o these of the Yuma 
d e s e r t , where Baker's experiment took p l a c e . The 
a v a i l a b l e evidence suggests r a t h e r t h a t the maximal 
p i g m e n t a t i o n i s r e q u i r e d away from the p r o t e c t i o n of 
the j u n g l e ' s l e a f y canopy, or at l e a s t i n zones 
t r a n s i t i o n a l between savannah and f o r e s t , as Turn-
b u l l ' s (1963) comment on the Pygmies' u n a b i l i t y t o 
stand the d i r e c t s u n l i g h t a t t e s t s : "on one s m a l l 
model p l a n t a t i o n where the Pymies were being l i b e -
r a t e d 29 d i e d on one day from s u n s t r o k e " . Pygmies 
are l i g h t e r ( r e d d i s h - y e l l o w ) than f o r e s t Negroes, 
which, i n t u r n , are l i g h t e r than the savannah 
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(1 ) Negroes ^ . The d e c e i v i n g c h a r a c t e r of the crude 
f i g u r e s f o r a b s o r p t i o n and r e f l e c t i o n s appears 
c l e a r l y i n Salthouse's experiment ( i n Newman, 1961) 
who found t h a t two very dark N i l o t e s a c t u a l l y r e -
f l e c t e d more near i n f r a r e d from the s k i n surface 
than the one White c o n t r o l , w h i l e two dark Bantu 
r e f l e c t e d the same as the c o n t r o l . A l l f o u r b l a c k -
skinned s u b j e c t s absorbed, however, much more near 
i n f r a r e d i n the e p i d e r m i s as a whole, and allowed 
much l e s s t o reach the dermis than the White s u b j e c t . 
Thus, Blacks have a p h y s i o l o g i c a l advantage to d i s -
pose heat o f f t h e i r s k i n s . I n a d d i t i o n , they appa-
(2\ 
r e n t l y possess a g r e a t e r number of sweat glands ' 
than Whites, and — i n the case of Savannah N e g r o e s — 
a l o n g i l i n e a r body form ( h i g h surface/volume r a t e ) 
which g r e a t l y f a c i l i t a t e s the d i s s i p a t i o n of heat. 
A l t h o u g h A u s t r a l i a n aborigenes have not been stud ed 
as e x t e n s i v e l y as A f r i c a n Negroes, i n c r e a s e d r e f l e c -
t i o n of i n f r a r e d from the su r f a c e of the s k i n and 
s h o r t p e n e t r a t i o n o f r a d i a t i o n must a l s o be at work 
among them. Moreover, the s l e n d e r , l o n g - l i m b e d com-
p l e x i o n t y p i c a l of d e s e r t and savannah d w e l l e r s ap-
pear a l s o among the aborigenes, e s p e c i a l l y those of 
(2 ) I n the west A f r i c a n r a i n f o r e s t , Bantu a g r i c u l t u r -
a l i s t s l i v e i n v i l l a g e s c l e a r e d i n the j u n g l e , where 
temperature i s much hi g h e r than i n the shaded h e a r t 
of the f o r e s t , which i s the home of t h e i r only neigh-
b o u r s , the Pygmies. 
( l ) Incomplete data from Glaser ( i n Newman, 1961) suggest 
t h a t i n the m a j o r i t y of bodyly r e g i o n s , Bantu have 
more sweat glands than European Whites, w h i l e Thom-
son (1954) f a i l e d t o c o n f i r m the e a r l i e r i n v e s t i g a -
t i o n s . However, Kawahata and Sakamoto ( i n Newman, 
1961), i n a work w i t h 5800 east Asians ( A i n u , Rus-
s i a n s , Japanese and P h i l i p i n o s ) , found a marked r e -
g r e s s i o n towards more sweat glands i n peoples of 
warmer c l i m a t e s , p l u s suggestions t h a t the sweat 
g l a n d d e n s i t y i s a p l a s t i c response t o environment. 
88 
the dry and hot n o r t h and western r e g i o n s . 
A d i f f e r e n t problem i s brought up by the dark i n -
h a b i t a n t s of c e r t a i n P a c i f i c i s l a n d s --as Tasmania, 
the B o u g a i n v i l l e i s l a n d s or the h i g h l a n d s of New 
G u i n e a — who, i n s p i t e of i n h a b i t i n g a r e g i o n w i t h 
a c l i m a t e b r o a d l y s i m i l a r t o t h a t of southwestern 
France and n o r t h e r n Spain, under f r e q u e n t l y o v e r c a s t 
s k i e s , are r e p o r t e d t o possess a deeply pigmented 
( 1 ) 
s k i n ^ A l t h o u g h the r a c i a l h i s t o r y of southwestern 
Oceania i s very badly known, i t seems t h a t the modern 
i n h a b i t a n t s of the r e g i o n d e r i v e a t l e a s t a c o n s i d e r -
able p a r t of t h e i r gene po o l from people who begun 
the s e t t l e m e n t of the area -from f u r t h e r n o r t h - at 
a much remoter age than p r e v i o u s l y t h o u g h t : 14,000 
- 23,000 BC f o r the New Guinean h i g h l a n d s (Dyer, 
1974), f o r i n s t a n c e . Since The c l i m a t e s of these 
( 2) 
i s l a n d s were harsher d u r i n g l a t e P l e i s t o c e n e , 
the presence t h e r e of those p o p u l a t i o n s becomes even 
more d i f f i c u l t t o e x p l a i n . P r o t e c t i o n a g a i n s t UU r a d -
i a t i o n r e f l e c t e d from water s u r f a c e s and a b i l i t y t o 
t r a p c a l o r i f i c energy from long wave r a d i a t i o n have 
been proposed (Coon, 1965) as s e l e c t i v e channels, 
but n e i t h e r these nor o t h e r mechanisms s t i l l t o ex-
posed seem e i t h e r s a t i s f a c t o r y or a p p l i c a b l e . The 
l a t t e r i s , b e s i d e s , d i f f i c u l t t o c o n c i l i a t e w i t h the 
( 1 ) I n a c l i m a t e c l a s s i f i e d as mesothermal of the humid 
v a r i e t y , and w i t h abundant p r e c i p i t a t i o n a t a l l 
seasons ( f i g , 1 . 4 - 4 ) , the dark Guineans of the 
e a s t e r n h i g h l a n d s had means comparable t o H a r r i s o n 
and Owen's west A f r i c a n s (from L i v e r p o o l ) (1V64) and 
Sunderland's Sudanese of Middle Eastern e x t r a c t i o n 
( 1 9 7 9 ) , w h i l e the l i g h t Guineans of the same d i s t r i c t 
( t h e L u fa " r e d s k i n s " ) were comparable t o Buchi's 
low c a s t e I n t l i a n s (1957/8) and t o Sunderland's Middle 
Eastern s u b j e c t s from Fezzan ( L i b y a ) , 
( 2 ) For i n s t a n c e , extense zones of Tasmania were g-laciated 
d u r i n g the Upper P l e i s t o c e n e (Coon, 1965), 
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aforementioned g r e a t e r e f f i c i e n c y of Blacks to d i s -
s i p a t e heat. Perhaps the answer l i e s w i t h the absence 
of s t r o n g s e l e c t i o n a g a i n s t dark p i g m e n t a t i o n under 
temperate t o s u b t r o p i c a l c o n d i t i o n s . Presumably, 
even among d a r k l y - p i g m e n t e d p r i m i t i v e s , exposure of 
the t o t a l b o d i l y s u r f a c e t o r a d i a t i o n under those 
c o n d i t i o n s i s s u f f i c i e n t t o p r o v i d e f o r t h e i r min-
i m a l v i t a m i n - D r e q u i r e m e n t s , thus d e p r i v i n g n a t u r a l 
s e l e c t i o n of i t s p r i n c i p a l a n t i - p i g m e n t a r y weapon, 
perhaps the only v a l i d at these l a t i t u d e s , and a l -
l o w i n g the p o p u l a t i o n t o keep the dark p i g m e n t a t i o n 
a c q u i r e d i n i t s s o u t h e a s t a s i a t i c homeland. I t is-
i n t r i g u i n g whether the widespread e x i s t e n c e i n Mel-
anesia of l i g h t e r pigmented i n d i v i d u a l s (Coon, 1965; 
Walsh, 1971; Harvey, 1971) may have something to do 
w i t h p i g m e n t a t i o n having exceeded en v i r o n m e n t a l de-
mands. 
Among the i n h a b i t a n t s of the f a r n o r t h , along the 
a r c t i c c i r c l e , tho.se of p r e d o m i n a n t l y Caucasoid o r i -
g i n possess c o n s i d e r a b l e d o s i s of blondism of h a i r 
and eyes (Coon, 1939, 1965), and they are dark-
skinned only by comparison w i t h t h e i r southwestern 
n e i g h b o u r s , the Scandinavians and the Finns. Towards 
the e a s t , the Mongoloids - e s p e c i a l l y Eskimos - are 
d a r k e r , Murray h i m s e l f (1934) o f f e r e d a p l a u s i b l e ex-
p l a n a t i o n t o t h i s apparent enigma. The d i e t of Eskimos, 
and presumably of o t h e r a r c t i c c o a s t a l p o p u l a t i o n s as 
w e l l , i s r i c h i n animal v i t a m i n D which a l l o w s them 
t o r e t a i n a r e l a t i v e l y dark p i g m e n t a t i o n i n a r a d i a -
t i o n - p o o r environment. I n a d d i t i o n , i t may be added 
t h a t the i n t e n s e r e v e r b e r a t i o n of s u n l i g h t i n i c e and 
snow f i e l d s can burn the s k i n -and, when c h r o n i c , 
even le a d t o cancer of t t i e s k i n (Coon, 1965)- and, 
above a l l , damage the eyes ( e v e n t u a l l y producing 
b l i n d n e s s ) , and t h i s p u t s a premium on pigmented 
eyes and s k i n s . 
The two aforementioned h y p o t h e s i s t o g e t h e r e x p l a i n 
a c t u a l l y more than they leave out and the e x i s t e n c e 
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o f a feiu p r o b l e m p o p u l a t i o n s i s n o t enough r e a s o n 
t o d i s c a r d any o f them, a t l e a s t as l o n g as lue do 
n o t have a more c o m p r e h e n s i v e and t h o r o u g h F u l i n t e r -
p r e t a t i o n m o d e l . I t must n o t be f o r g o t t e n e i t h e r 
t h a t e v e r y t h i n g s u g g e s t s , as i t i s o f t e n t h e c a s e , 
t h a t i n r e a l i t y more t h a n one a d a p t i v e mechanism i s 
i n v o l v e d : I n t h e n e x t l i n e s me l u i l l see some o f t h e 
o t h e r s uuhich have been p r o p o s e d . 
CoLules ( 1 9 5 0 , 1959) has i n t e r p r e t e d G l o g e r ' s r u l e 
a s . h a v i n g t o do l u i t h c o n c e a l m e n t n o t u i i t h p h y s i o l o g -
i c a l a d a p t a t i o n s . He p o i n t s o u t t h a t w h i l e a w h i t e 
s k i n e a s i l y c o n t r a s t s a g a i n s t t h e c o l o u r o f t h e 
b a c k g r o u n d i n t h e j u n g l e , t h e bush o r t h e savannah, 
a d a r k s k i n w o u l d have a d a p t i v e v a l u e w h i l e ambushing 
f o r h u n t , w a r f a r e l o o t and women, i n w h i c h p r i m i t i v e 
s o c i e t i e s must have o c c a s i o n a l l y i n d u l g e d . He s p e c i -
f i c a l l y p o i n t s o u t t h a t d u r i n g t h e l o n g i n f a n c y o f 
m a n k i n d , a p p r o a c h i n g an a n i m a l p r e y w i t h i n arm's 
l e n g t h or n e a r enough t o a c c u r a t e l y t h r o w t h e k i l l i n g 
weapon must have been o f p a r a m o u n t e c o n o m i c a l im-
p o r t a n c e f o r t h e h u n t i n g band and, t o g e t h e r w i t h t h e 
advance o f t e c h n o l o g y , p r o g r e s s i v e l y r e d u c e d t h e need 
o f c o n t e n d i n g w i t h o t h e r c a r n i v o r e s f o r t h e o f t e n de-
c o m p o s i n g r e m a i n s o f t h e i r k i l l s , t h e r e b y d i m i n i s h i n g 
t h e f r e q u e n c y o f i l l n e s s and d e a t h f r o m f o o d p o i s -
o n i n g . 
C r y p t i c c o l o u r a t i o n i s a w i d e l y s p r e a d phenomenon 
among a n i m a l s and t h e r e i s no r e a s o n f o r man t o be 
an e x c e p t i o n , b u t i t s i m p o r t a n c e as an e v o l u t i v e 
f a c t o r must have r a p i d l y d e c r e a s e d w i t h t h e i n t r o -
d u c t i o n o f c l o t h i n g among most human g r o u p s . I n f a c t , 
because o f t h e r e l e v a n c e o f t h e economic a c t i v i t y i n 
man and s i n c e most a n i m a l s p r e y e d upon do n o t p o s s e s s 
c o l o u r v i s i o n , t h i s mechanism w o u l d have more t o do 
w i t h l u m i n o s i t y o f a c o l o u r t h a n w i t h hue. L e v e l s o f 
l u m i n a n c e s i m i l a r t o t h o s e o f t h e b a c k g r o u n d b e i n g 
f a v o u r a b l e t o man, e i t h e r as h u n t e r or as p r e y . 
92 
R e c e n t l y ( D a n i e l s e t a l , , 1972 and P o s t e t a l . , 
1975) a neu) i n t r i g u i n g t h e o r y has been p u t f o r u / a r d . 
I t has been o b s e r v e d d u r i n g t h e tiuo W o r l d ujars, t h e 
Korean war and among t r o o p s s t a t i o n e d i n A l a s k a t h a t 
Negroes a r e a p p a r e n t l y more s u s c e p t i b l e t o c o l d t h a n 
W h i t e s . More c a s e s o f f r o z e n f e e t and hands, among 
o t h e r s , were r e p o r t e d and s t a t i s t i c a l l y s t u d i e d 
among S e n e g a l e s e s o l d i e r s \js, F r e n c h s o l d i e r s , E t h i -
o p i a n t r o p p s u s , l - i h i t e A m e r i c a n t r o p p s and B l a c k v s . 
W h i t e A m e r i c a n s o l d i e r s . No e f f o r t s mere s p a r e d i n 
o r d e r t o a v o i d b i a s and s u b j e c t i v i t y i n making t h e 
o b s e r v a t i o s and y e t t h e t r e n d i s c l e a r . A d d i t i o n a l 
s u p p o r t comes f r o m S t r a y ( 1 9 4 3 ) who r e p o r t e d t h a t 
b l o n d r e c r u i t s were c l e a r l y l e s s a f f e c t e d by f r o s t -
b i t e i n j u r i e s t h a n b r u n e t t e s , w i t h i n t h e N o r w e g i a n 
Army, a l t h o u g h t h e d i f f e r e n c e was n o t s t a t i s t i c a l l y 
s i g n i f i c a n t . 
I n v i t r o and i n v i v o e x p e r i m e n t s and a number o f 
o b s e r v a t i o n s p o i n t on t h e same d i r e c t i o n . T a y l o r 
( 1 9 4 9 ) was f i r s t t o d e m o n s t r a t e t h a t m e l a n o c y t e s are 
more p r o n e t o c o l d i n j u r y t h a n t h e h a i r f o l l i c l e s 
c o n t a i n i n g them. D e p i g m e n t a t i o n among B l a c k s , f o l -
l o w i n g f r o s t b i t e , has o f t e n been r e p o r t e d , and i n 
a l l r a c e s a f t e r c r y o s u r g e r y - i n t h i s case u s u a l l y 
t e m p o r a r y . I n t h e c a s e s o f s e v e r e f r o s t b i t e t h e 
damage i n f l i c t e d t o t h e m e l a n o c y t e s i s a p p a r e n t l y 
so l a r g e t h a t t h e y a r e k i l l e d and r e p i g m e n t a t i o n 
does n o t t a k e p l a c e . P o s t e t a l . ( 1 9 7 5 ) s t u d y i n g 
p a i r s o f f r o z e n s k i n b i o p s i e s f r o m b l a c k and w h i t e 
p i e b a l d G u i nea p i g s , f o u n d t h a t -whenever d i f f e r e n -
t i a l i n j u r y was shown- i t was more i n t e n s e i n p i g -
mented t h a n i n u n p i g m e n t e d s k i n . O t h e r i n v e s t i g a t o r s 
r e p o r t a l s o t h a t i n v i a l s c o n t a i n i n g c l o n e s o f B16 
melanoma c e l l s , e i t h e r f r o z e n o r c o o l e d , t h e most 
p i g m e n t e d melanoma c e l l s a r e a l w a y s l e s s v i a b l e . T h i s 
i n t e r e s t i n g t h e o r y , t o g e t h e r w i t h t h e v i t a m i n D hypo-
t h e s i s , a r e o f g r e a t , h e l p e x p l a i n i n g t h e o r i g i n , o f 
t h e W h i t e s t o c k o f m a n k i n d , s p e c i a l l y o f i t s most 
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n o r t h e r n b r a n c h e s . 
The a f t e r m a t h o f c o l d i n j u r y ( p a i n and s e n s o r y 
d i s t u r b a n c e s ) can p e r s i s t f o r y e a r s , and can e a s i l y 
i m p a i r manual d e x t e r i t y . F o l l o w i n g i n o r d e r of sev-
e r i t y , c r e e p l i n g o f t h e e x t r e m i t i e s and a n a e r o b i c 
g a n g r e n a ( t e t a n u s , n o r m a l l y r e s u l t i n g i n d e a t h ) can 
d r a m a t i c a l l y a f f e c t t h e human r e p r o d u c t i v e p o t e n t i a l 
o f a s m a l l human c o m m u n i t y . I f , as s u g g e s t e d by some 
s c h o l a r s ( B r a c e & M o n t a g u , 1965; B r a c e , 1970; H a m i l -
t o n , 1 9 7 3 ) , man was b o r n i n t h e t r o p i c s w i t h a r i c h -
l y p i g m e n t e d s k i n , w a n d e r i n g away f r o m them must 
have p r o g r e s s i v e l y s h i f t e d s e l e c t i v e p r e s s u r e f r o m 
an e m p h a s i s p l a c e d , on p r o t e c t i o n a g a i n s t UU t o w a r d 
i n c r e a s e d a b i l i t y f o r t r a p p i n g t h e UU r e q u i r e d f o r 
v i t a m i n D p r o d u c t i o n and d i m i n i s h i n g t h e i r suscep-
t i b i l i t y t o c o l d , t h e e p i d e r m i s o f man becoming de-
p i g m e n t e d a l o n g t h e way. 
A n o t h e r t h e o r y o f r e l e v a n c e when s t u d y i n g t h e o r i -
g i n o f C a u c a s o i d d e p i g m e n t e d p o p u l a t i o n s has been . 
t a k i n g f o r m d u r i n g a t l e a s t t h e l a s t f o r t y y e a r s , 
L e w i s ( 1 9 4 2 ) s u g g e s t e d t h a t t h e eye o f B l a c k s may 
have s e l e c t i v e a d v a n t a g e s under b r i g h t l i g h t c o n d i -
t i o n s . More r e c e n t l y , Dodt e t a l , ( 1 9 5 9 ) - s t u d y i n g 
by e l e c t r o r e t i n o g r a p h y t h e s p e c t r a l s e n s i t i v i t y o f 
t h e eye i n a l b i n o s , n o r m a l C a u c a s o i d s and Megroes-
f o u n d t h a t "Negroes show a d i s t i n c t l y l o w e r s e n s i t i -
v i t y t h a n C a u c a s i a n s w i t h l i g h t e r f u n d i a t wave-
l e n g t h s l o n g e r t h a n 600 m i l l i m i c r o n s " . T h i s l e d Dan-
i e l s e t a l , ( 1 9 7 2 ) t o s u g g e s t t h a t d u r i n g g l a c i a l and 
p o s t g l a c i a l t i m e s - i n a m i l i e u r i c h i n s n o w f a l l , on 
f o g g y l a n d s c a p e and w a t e r s u r f a c e s , under p r o l o n g e d 
t w i l i g h t c o n d i t i o n s and c l o u d y s k i e s and, n o t l e a s t , 
f o r v i s i o n i n c a v e s by f i r e l i g h t and f i r e embers -
t h i s f e a t u r e s h o u l d have meant s e l e c t i v e a dvantage 
f o r l i g h t eyed p e o p l e . A p p a r e n t l y some of t h e genes 
d e t e r m i n i n g s k i n c o l o u r a f f e c t as w e l l eye and h a i r 
c o l o u r . S i n c e t h e r e i s a good g e n e r a l c o r r e l a t i o n be-
tween s k i n c o l o u r and p i g m e n t o f t h e o p t i c f u n d u s , 
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d e p i g m e n t e d s k i n s m i g h t have a r i s e d as a consequence 
o f s e l e c t i v e p r e s s u r e f a v o u r i n g l i g h t eyed p o p u l a -
t i o n s , even i n t h e absence o f any mechanism d i r e c t l y 
p u t t i n g a premium on p a l e s k i n s . 
C o n c e r n i n g t h e c o l o u r o f t h e e y e , U U - r a d i a t i o n i s 
n o t a f a c t o r t o be c o u n t e d w i t h s i n c e t h e c o r n e a com-
p l e t e l y b l o c k s i t , on t h e o t h e r hand i n t e n s e r e v e r b e -
r a t i o n o f l i g h t f r o m i c e o r snow c o v e r e d open s u r -
f a c e s c an damage t h e eye ( e v e n t u a l l y p r o d u c i n g b l i n d -
n e s s ) . I n such a t u n d r a - l i k e e n v i r o n m e n t d a r k e r f u n -
dus w o u l d a g a i n be more a t home t h a n l i g h t o nes, and 
t h a t i s i n d e e d t h e s i t u a t i o n t o d a y among Lapps and 
N o r t h w e s t e r n S i b e r i a n s i n s p i t e o f t h e m i s c i g e n a t i o n 
w i t h t h e i r more d e p i g m e n t e d S o u t h e r n n e i g h b o u r s . 
A n o t h e r i n t e r e s t i n g t h e o r y , w h i c h has l a t e l y been 
g a i n i n g s u p p o r t ( L e g u e b e , 1977) was a l r e a d y p r o p o s e d 
i n t h e mid s i x t i e s (Wassermann, 1 9 6 5 ) , I t i s w e l l 
known t h a t t h e a c t i v i t y o f t h e r e t i c u l o e n d o t h e l i a l 
s y s t e m (RES) i s i n v e r s e l y r e l a t e d t o a d r e n o c o r t i c a l 
a c t i v i t y . The c o r t e x o f t h e a d r e n a l g l a n d s e c r e t e s 
sex hormones, g l u c o - c o r t i c o i d s ( c o r t i s o n e , among 
o t h e r s ) and m i n e r a l o - c o r t i c o i d s . C o r t i s o n e i s a 
p o w e r f u l i n h i b i t o r o f RES a c t i v i t y . The a d r e n a l 
g l a n d i s i n t u r n c o n t r o l l e d by a d r e n o - c o r t i c o - t r o p i c 
hormone (ACTH) s e c r e t e d by t h e a n t e r i o r l o b e o f t h e 
p i t u i t a r y g l a n d ( h y p o p h y s i s ) , whose m i d d l e l o b e s e-
c r e t e s a l s o t h e m e l a n o c y t e s t i m u l a t i n g hormone (PISH) 
w h i c h r e g u l a t e s t h e p r o d u c t i o n o f m e l a n i n . The h o r -
mone s a -MSH , -MSH and ACTH have v e r y s i m i l a r chem-
i c a l s t r u c t u r e s and i t has even been s u g g e s t e d t h a t 
cx-MSH i s an i n t e r m e d i a t e p r o d u c t i n t h e p r o d u c t i o n 
o f ACTH. ACTH has a l s o m e l a n o c y t e s t i m u l a t i n g p r o -
p e r t i e s . T h ere a r e i n d i c a t i o n ' s t h a t a s i n g l e enzyme 
d e f i c i e n c y g e n e t i c a l l y i n h e r i t e d , may l e a d t o r e d u c e d 
a d r e n o c o r t i c a l f u n c t i o n and i n c r e a s e d RES a c t i v i t y , 
w h i c h m i g h t p o s s e s s p o s i t i v e s e l e c t i v e v a l u e i n t h e 
t r o p i c s , s i n c e t h e RES i s t h e p r i n c i p a l o r g a n o f 
d e f e n c e a g a i n s t b a c t e r i o l o g i c a l , v i r a l and p a r a s i t e -
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• l o g i c a l a g e n t s , Wassermann g a t h e r e d a l l a v a i l a b l e 
e v i d e n c e on t h e a c t i v i t y o f t h e RES o f c o l o u r e d 
r a c e s and c o n c l u d e d t h a t i t i s more i n t e n s e among 
them t h a n among W h i t e s : more i n t e n s e p h a g o c y t i c 
f u n c t i o n s ( h i g h e r l e u k o c y t e c o u n t s ) and h i g h e r c o n -
c e n t r a t i o n s o f s p e c i f i c serum gamma g l o b u l i n a n t i -
b o d i e s . N u t r i t i o n may a l s o have an e f f e c t . Malnu-
t r i t i o n w o u l d t h e n i n c r e a s e p i g m e n t a t i o n and RES 
a c t i v i t y i n a d d i t i o n . A n o t h e r f a c t o r t o be con-
s i d e r e d s i n c e m a l n u t r i t i o n i s o f t e n endemic i n t h e 
t r o p i c s . 
Summary The r e a s o n s f o r human p i g m e n t a r y d i v e r s i t y have 
d u r i n g t h e h i s t o r y o f a n t h r o p o l o g y v a r i o u s l y been 
i d e n t i f i e d w i t h a number o f b i o l o g i c a l v a r i a b l e s , 
o f t e n o f d i f f i c u l t q u a n t i f i c a t i o n : c o n c e n t r a t i o n o f 
m e l a n i n as a p r o t e c t i v e s c r e e n a g a i n s t r a d i a t i o n , 
and t h e a n t i r a c h i t i c a c t i o n o f v i t a m e n D - t o g e t h e r 
i n a w e l l b a l a n c e d t w o - f o l d t h e o r y ; t h i c k n e s s o f t h e 
s t r a t u m corneum and c r y p t i c a d a p t i v e r o l e o f c o l o u r ; 
u n e q u a l s e n s i t i v i t i e s o f d i v e r s e l y p i g m e n t e d s k i n s 
t o c o l d i n j u r y and i n c r e a s e d s e n s i t i v i t y t o v i s i b l e I R i n 
l i g h t v s , d a r k eyed p e o p l e ; a s s o c i a t i o n o f t h e me l -
a n o c y t e p r o d u c t i o n s y s t e m t o t h e r e t i c u l o - e n d o t h e l -
i a l s y s t e m (RES). The p i c t u r e i s i n d e e d c o m p l i c a t e 
and m a n y - s i d e d , t h e s e l e c t i v e v a l u e s o f a l l t h e s e 
a d a p t i v e mechanisms b e i n g d i f f i c u l t t o e v a l u a t e i n 
p r a c t i c e . W i t h i n ' c i v i l i z e d ' g r o u p s t h e i m p o r t a n c e 
o f most o f t h e s e s e l e c t i v e p r e s s u r e s i s e x p e c t e d t o 
be i n d e c l i n e , b u t l e s s so among p r i m i t i v e s . At any 
r a t e ^ e s p e c i a l l y d u r i n g t h e d a r k ages i n t h e f o r m a -
t i o n o f t h e human s u b s p e c i e s - such as t h e y a r e 
known t o d a y - more t h a n one mechanism o u g h t t o be 
e x p e c t e d t o have p l a y e d a r o l e , c u l t u r e n o t w i t h -
s t a n d i n g . However, a h y p o t h e s i s has a t t i m e s been 
e n h a n c e d t o t h e e x c l u s i o n ' o f t h e o t h e r s , t h e o r i e s 
have been r e f u t e d because o f a few new cases w h i c h 
do n o t " f i t " i n t o t h e p i c t u r e , and c u l t u r e has been 
96 
a l l e g e d as t h e r e a s o n t o e x t r a c t man f r o m s u b j e c t i o n 
t o e n v i r o n m e n t a l p r e s s u r e s . 
C u l t u r e i s i t s e l f j u s t a d i m e n s i o n o f man's en-
v i r o n m e n t , h i s avenue o f a c c e s s i n t o h a b i t a t . E r g o , 
n o t more t h a n g e n e r a l r e a s o n a b l e a dherence t o any 
r u l e o r t h e o r y s h o u l d i n p r i n c i p l e be e x p e c t e d b e i n g 
man's p h e n o t y p e " t h e u l t i m a t e compromise o f c o n f l i c -
t i n g s e l e c t i o n p r e s s u r e s " ( M a y r , 1 9 5 5 ) . I n o t h e r 
w o r d s , v a r y i n g d e g r e e s o f d e v i a t i o n f r o m t o t a l c o n -
f o r m i t y t o a r u l e / t h e o r y a r e t o be e x p e c t e d when-
e v e r g r e a t e r o v e r a l l f i t n e s s can be a c h i e v e d by t h e 
s i m u l t a n e o u s a c t i o n s o f s e v e r a l a d a p t i v e p r o c e s s e s 
w h i c h can even be - and o f t e n a r e - a n t a g o n i s t i c . 
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1.5. A r e m a r k on m e t h o d o l o g y . 
The i n s u f f i c i e n c y o f t h e ' a b r i d g e d ' s p e c t r a l r e -
f l e c t a n c e c u r v e s i n r e p r o d u c i n g a c o l o u r , t o g e t h e r 
w i t h t h e l a c k o f u n e q u i v o c a l c o r r e s p o n d e n c e between 
a c o m p l e t e r e f l e c t a n c e c u r v e and t h e c o l o u r i t r e -
p r o d u c e s , have been shown i n s e c t i o n 1,1, I n a d d i t i o n , 
t h e e v o l u t i o n a r y and a d a p t i v e c o n n o t a t i o n s o f a s k i n ' s 
m e l a n i n c o n t e n t have e q u a l l y been exposed e l s e w h e r e . 
T h i s n e w l y a c q u i r e d i n s i g h t i n t o t h e p r o b l e m a t i c o f 
s k i n c o l o u r l e a d s i n e v i t a b l y t o r e a l i z e t h e i m p o s s i -
b i l i t y o f - w i t h t h e m a t h e m a t i c a l m e t h o d o l o g y a t t h e 
d i s p o s a l o f t h e a n t h r o p o l o g i s t - c h a r a c t e r i z i n g a 
s k i n by i t s c o l o u r and, s i m u l t a n e o u s l y , k e e p i n g t h e 
i n f o r m a t i o n a b o u t m e l a n i n c o n t e n t as a p a r t o f t h a t 
c h a r a c t e r i z a t i o n . 
S i n c e i t s h o u l d be t h e p u r p o s e w h i c h p r i m a r i l y 
d i c t a t e s t h e s e l e c t i o n o f t h e means, i t seems r i g h t 
t o ask h e r e : 'What a r e we a f t e r when m e a s u r i n g t h e 
a n t h r o p o l o g i c a l c h a r a c t e r b r o a d l y known as s k i n c o -
l o u r ? ' , 'Are we i n t e n d i n g an e n q u i r y i n t o t h e e v o l -
u t i o n a r y meaning *of human d i v e r s i t y i n p i g m e n t c o n -
c e n t r a t i o n ( a n d i f so, w h i c h p i g m e n t / s do we mean), 
i n s k i n c o l o u r o r i n a n y t h i n g e l s e ? ' . 
I t w o u l d seem t h a t p r o v i d i n g an a c c o u n t o f t h e 
r e a s o n s f o r t h e i n t e r i n d i v i d u a l v a r i a b i l i t y e x i s t i n g 
w i t h i n t h e v a r i o u s f a c t o r s i n v o l v e d i n t h e g e n e s i s 
n o t o n l y o f p i g m e n t a t i o n b u t , more f u l l y , o f d i f f e r -
e nces i n r e f l e c t a n c e , a b s o r p t i o n and t r a n s m i s s i o n 
t h r o u g h t h e w h ole s p e c t r u m o f r a d i a t i o n , s h o u l d be o f 
p r i m a r y c o n c e r n t o p h y s i c a l a n t h r o p o l o g i s t s . Seen 
f r o m t h i s a n g l e , t h e r e l e v a n c e o f c o l o u r as an a n t h r o -
p o l o g i c a l m a r k e r depends on how a c c u r a t e l y i t sum-, 
m a r i z e s t h e complex i n t e r a c t i o n s among a l l t h o s e f a c -
t o r s c o n t r i b u t i n g t o t h e f i n a l p r o d u c t , and/or up t o 
what e x t e n t i t can be used as a v a l i d means o f c l a s -
s i f y i n g p o p u l a t i o n s . The f a c t t h a t c o l o u r does n o t 
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show any u n e q u i v o c a l c o r r e s p o n d e n c e w i t h t h e UL spec-
t r a l r e f l e c t a n c e c u r v e and t h a t t h e r e s t o f t h e spec-
t r u m i s n o t r e p r e s e n t e d t h e r e , s h o u l d be argument 
enough t o d e p r i v e t h e p h y s i c a l e n t i t y , c o l o u r , o f any 
c h a n c e s o f f u l f i l l i n g such a r o l e . T h i s has i n f a c t 
been t a c i t l y r e c o g n i z e d i n most a n t h r o p o l o g i c a l f i e l d -
w o r k , whenever ' a b r i d g e d ' o r c o m p l e t e r e f l e c t a n c e 
c u r v e s have been p r o d u c e d i n s t e a d o f t h e X, Y, Z v a l u e s 
o r i t s d e r i v a t i v e s . 
Some s u b s t a n c e s o t h e r t h a n t h o s e n o r m a l l y c o n s i d e r e d 
when s t u d y i n g t h e c o l o u r o f t h e s k i n ( m e l a n i n and mela-
n o i d , c a r o t e n e and h a e m o g l o b i n s ) a r e p r e s e n t i n t h e 
s k i n as s t r u c t u r a l c o n s t i t u e n t s o r by v i r t u e o f t h e 
c o n s t a n t p e r f u s s i o n o f t h e c u t a n e o u s b l o o d v e s s e l s . 
Thus, v i t a m i n A and, p r o b a b l y (Dacquez e t a l . , 1 9 5 5 ) , 
p r o t e i n s o f t h e s t r a t u m c o rneum, such as k e r a t i n , are 
n o r m a l l y r e p r e s e n t e d by a b s o r p t i o n bands i n t h e UU 
r a n g e , w h i l e t h e c o n s t i t u e n t s o f t h e b l o o d plasma 
( b i l u r i b i n , c a r o t e n o i d s a n d, a g a i n , o x i - h a e m o g l o b i n ) 
and, under c o n d i t i o n s o f h i g h d i e t a r y i n t a k e , even 
c e r t a i n x a n t o p h y l l s ( l u t e i n s o f egg y o l k and o f m a i z e ) 
may be d e t e c t e d by s e v e r a l bands i n t h e U\l and t h e v i s -
i b l e r a n g e s . The c o n s t i t u e n t s o f t h e b l o o d plasma p r e -
s e n t c o n s i d e r a b l e i n t e r i n d i v i d u a l v a r i a t i o n i n t h e 
c o n c e n t r a t i o n o f each o f t h e s e s u b s t a n c e s , w h i l e k e r a -
t i n may w e l l have p r o t e c t i v e v a l u e and d i e t a r y i n t a k e 
i s s u b j e c t t o i n d i v i d u a l as w e l l as c u l t u r a l v a r i a t i o n . 
A l t h o u g h t h e p r e s e n c e o f much m e l a n i n b l u n t s t h e ab-
s o r p t i o n bands o f o t h e r p i g m e n t s i n t h e v i s i b l e and 
t h e U\y zones o f t h e s p e c t r u m , t h e i m p o r t a n c e o f t h e s e 
l a s t e l e m e n t s s h o u l d have t o be e v a l u a t e d b e f o r e t h e y 
can d e f i n i t i v e l y be e l i m i n a t e d f r o m t h e l i s t o f 
s i g n i f i c a n t c o n t r i b u t o r s t o i n t e r i n d i v i d u a l , and p e r -
haps i n t e r r a c i a l , d i f f e r e n c e s i n s k i n c o l o u r . S i m i l a r -
l y , t h e meaning o f t h e c o n s i d e r a b l e r e f l e c t a n c e v a r i a -
b i l i t y w h i c h e x i s t s i n t h e i n f r a r e d r a n g e , and i t s 
p o s s i b l e t h e r m i c a l c o n n e c t i o n s , s h o u l d have t o be 
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c l a r i f i e d , s i n c e i t may have a d a p t i v e v a l u e . 
The enormous t a s k i m p l i e d i n t h e e x p l o r a t i o n o f 
t h e r e s t o f t h e s p e c t r u m becomes more p r a c t i c a b l e 
when p o i n t i n g o u t t h a t , i n t h e p a r t o f the s p e c t r u m 
s t u d i e d i n some d e t a i l , t h e r e i s p r a c t i c a l l y no i n t e r -
i n d i v i d u a l v a r i a t i o n i n r e f l e c t a n c e below 300 nm o r 
above 1200 nm ( J a c q u e z e t a l . , 1955; 1 9 5 6 ) . Such hom-
o g e n e i t y beyond t h e b o r d e r s o f a w i d e l y v a r i a b l e r e -
g i o n may be i n t e r p r e t e d e i t h e r as t h e r e s u l t o f some 
s o r t o f a d a p t a t i o n t o r a d i a t i o n f r o m i m m e d i a t e l y o u t -
s i d e t h e 300-1200 nm r e g i o n - t h u s , a b a s i c r e q u i r e -
ment u n i v e r s a l l y s a t i s f i e d and i n d e p e n d e n t o f e n v i r o n -
m e n t a l v a r i a t i o n - o r as d e p r i v e d o f any a d a p t i v e 
v a l u e a t a l l . We a r e t h e n l e f t w i t h a r e g i o n , e x t e n d -
i n g o v e r p a r t o f t h e u l t r a v i o l e t and i n f r a r e d r a n g e s 
p l u s t h e whole s p e c t r u m o f v i s i b l e l i g h t , i n w h i c h 
w i d e i n t e r i n d i v i d u a l a n d , above a l l , i n t e r p o p u l . a t i o n a l 
v a r i a b i l i t y t a k e s p l a c e . R a d i a t i o n i n t h e UU ra n g e i s 
m u t a g e n i c and c a r c i i i o g e n o u s ( f a c t o r s w h i c h r e s t r i c t 
e x p e r i m e n t a t i o n w i t h humans), w h i l e t h e r e d end o f 
t h e v i s i b l e l i g h t s p e c t r u m and, e s p e c i a l l y , t h e i n f r a -
r e d r e g i o n c a r r y c o n s i d e r a b l e doses o f h e a t . 
Most t h e o r i e s a t t e m p t i n g t o a c c o u n t f o r t h e d i v e r s i -
f i c a t i o n o f s k i n c o l o u r i n man have p l a c e d t h e emphasis 
i n m e l a n i n c o n t e n t and/or t h i c k n e s s o f t h e s t r a t u m 
c o r n e u m . One o f them, however, can be d i r e c t l y f o r m u -
l a t e d i n t e r m s o f c o l o u r and l u m i n a n c e , a l t h o u g h i t s 
o r i g i n a l e x p o s i t i o n ( C o w l e s , 1950; 1959) i s a n o t h e r . 
Anyhow, i t i s so f a r m e l a n i n c o n t e n t w h i c h has been 
w i d e l y a c c e p t e d as t h e t r a i t , d i r e c t l y o r i n d i r e c t l y , 
s e l e c t e d f o r ( F i n s e n , 1900; M u r r a y , 1934; D a n i e l s e t 
a l . , 1972; P o s t e t a l . , 1975; Wassermann, 1 9 6 5 ) , w h i l e 
t h e p r o t e c t i v e r o l e o f t h e s t r a t u m corneum i s s t i l l 
d e b a t e d , w i t h , l a t e l y Blum ( 1 9 6 1 ) , Coon ( 1 9 6 5 ) , Loomis 
( 1 9 6 7 ) , Munro ( 1 9 6 7 ) and 3ung ( 1 9 7 5 ) i n f a v o u r . Thus, 
i n r e c o g n i t i o n o f t h e r o l e o f m e l a n i n c o n c e n t r a t i o n as 
a b u f f e r a g a i n s t e x t r e m e doses ( b o t h t o o h i g h and t o o 
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l o w ) o f UV i n t a k e , i t i s p r i m a r i l y t h e c o n c e n t r a t i o n 
o f m e l a n i n we a r e a f t e r . T h i s f i g u r e i s , a c c o r d i n g t o 
H a r r i s o n and Owen ( 1 9 5 6 / 7 ) " l i n e a r l y r e l a t e d " t o t h e 
r e c i p r o c a l o f t h e r e f l e c t a n c e v a l u e ( 1 / R ) a t any o f 
t h e w a v e l e n g t h s w i t h i n t h e r e d end o f t h e s p e c t r u m . 
I t s h o u l d be p o i n t e d o u t , however, t h a t , s i n c e t h e 
r e a d i n g s a t , f o r i n s t a n c e , EEL f i l t e r s 608 and 609 
a r e r a r e l y i d e n t i c a l i n any i n d i v i d u a l , t h e c o n s t a n t 
o f p r o p o r t i o n a l i t y must be a f u n c t i o n o f t h e wave-
l e n g t h . 
T h u s , a l t h o u g h t h e i m p o r t a n c e o f t h e a b s o r p t i o n 
p a t t e r n s o f m e l a n i n n o t o n l y a t t h e r e d end b u t a l s o 
a t t h e b l u e end o f t h e s p e c t r u m r e m a i n s a w e l l e s -
t a b l i s h e d - f a c t , i n f o r e s i g h t o f t h e demands o f f u t u r e 
i n v e s t i g a t i o n , when more c o m p r e h e n s i v e and deeper 
knou/ledge o f t h e s i g n i f i c a n c e o f t h e d i s t r i b u t i o n o f 
s k i n r e f l e c t a n c e s i s a t t a i n e d , i t may be d e s i r a b l e 
n o t t o l i m i t measurements m e r e l y t o t h o s e p r o v i d e d by 
an a b r i d g e d c u r v e w i t h i n t h e v i s i b l e r a n g e o f t h e 
s p e c t r u m . 
Summary In* t h i s s e c t i o n t h e d i f f e r e n c e s between t h e c h r o -
m a t i c and t h e p r o t e c t i v e q u a l i t y o f t h e p i g m e n t o f 
the- s k i n have been e m p h a s i s e d , and k n o w l e d g e has been 
won a b o u t t h e u n r e l a t e d n e s s o f some o f i t s c h r o m a t i c 
a s p e c t s w i t h i t s p r o t e c t i v e r o l e , A more p r o f o u n d 
i n s i g h t i n t o t h e p o s s i b l e a d a p t i v e meaning o f each 
s e c t i o n o f t h e r e f l e c t a n c e c u r v e has been f o u n d 
n e c e s s a r y as p a r t o f t h e s e a r c h f o r a more s u i t a b l e 
m e t h o d o l o g y . 
CHAPTER I I 
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1 1 , 1 , The p o p u l a t i o n s : t h e c o u n t r y and t h e p e o p l e . 
Of t h e t h r e e g e o g r a p h i c a l r e g i o n s examined i n t h i s 
r e s e a r c h , I b e r i a i s by f a r s i t u a t e d a t t h e h i g h e s t 
a l t i t u d e . C o a s t a l p l a i n s b e i n g few i n number and 
s m a l l i n e x t e n t , t h e r e g i o n i s t o t a l l y d o m i n a t e d by 
t h e p r e s e n c e o f t h e v a s t t a b l e l a n d , g e n e r a l l y denuded 
and d r y , c a l l e d " l a M eseta" - w h i c h c o v e r s r o u h g l y 
h a l f o f t h e t o t a l a r e a o f S p a i n and a l m o s t i m p e r -
c e p t i b l y s l o p e s t o w a r d s t h e west ( f i g , l l , l - 1 b ) . The 
c e n t r a l C a s t i l i a n n u c l e u s , i n t h e h e a r t o f t h e M e s e t a , 
has an a v e r a g e a l t i t u d e o f 2000 f t , , and t h e whole 
P e n i n s u l a i s t r a v e r s e d by no l e s s t h a n seven m o u n t a i n 
r a n g e s - f i v e o f w h i c h r u n e i t h e r i n s i d e t h e Meseta 
o r b o r d e r i n g i t . The g r e a t e s t h e i g h t s are t o be f o u n d 
o u t s i d e t h e c e n t r a l t a b l e l a n d o r b o r d e r i n g i t a l o n g ' 
t h e n o r t h and t h e e a s t , f r e q u e n t l y r a n g i n g i n t o t h e 
seven t o e i g h t t h o u s a n d f e e t and beyond (up t o a r o u n d 
11000 f t , i n t h e P y r e n e e s and t h e B a e t i c r a n g e s ) . Two 
t r i a n g l e - s h a p e d d e p r e s s i o n s - t h e Ebro D e p r e s s i o n 
( a v e r a g e h e i g h t o f 1500 f t , , f o r t h e most p a r t b a r r e n 
and M e s e t a - l i k e i n c h a r a c t e r ) and t h e G u a d a l q u i v i r 
D e p r e s s i o n ( a v e r a g e h e i g h t 500 f t , , c u l t i v a t e d 
p a t c h e s a l t e r n a t i n g w i t h a few s t e p p e and s e m i - d e s e r t 
a r e a s ) - c o m p l e t e t h e o r o g r a p h i c p i c t u r e . 
Whereas i n S p a i n a l l b u t t h e S o r i a - T e r u e l r a n g e s , 
a l o n g t h e e a s t b o r d e r o f t h e M e s e t a , r u n f r o m e a s t 
t o w e s t , t h e S c a n d i n a v i a n and B r i t i s h r u n i n a s o u t h -
n o r t h d i r e c t i o n . The w e s t e r n p a r t o f t h e S c a n d i n a v i a n 
p e n i n s u l a i s c o n s t i t u t e d by a h i g h p l a t e a u -two t o 
f i v e t h o u s a n d f e e t h i g h - f r o m w h i c h s e v e r a l g r o u p s 
o f m o u n t a i n s (up t o a r o u n d 7000 f t . ) r i s e ( f i g . 
I l . l - l a ) . To t h e w e s t , m o u n t a i n s and p l a t e a u s l o p e 
a b r u p t l y i n t o t h e sea, g i v i n g o r i g i n t o a d e e p l y 
i n d e n t e d c o a s t l i n e - w i t h p a r t l y submerged g l a c i a l 
t r o u g h s ( f j o r d s ) and numerous o f f s h o r e i s l a n d s . To 
t h e n o r t h - e a s t , t h r o u g h t h e N o r r l a n d p l a t e a u i n t h e 
n o r t h - c r o s s e d by d e e p l y c u t r i v e r v a l l e y s - h e i g h t 
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d e c r e a s e s g r a d u a l l y t o w a r d s t h e B a l t i c c o a s t a l p l a i n , 
w h i l e f u r t h e r s o u t h t h e c e n t r a l Swedish and Sc a n i a n 
l o w l a n d s a l t e r n a t e w i t h t h e u p l a n d s r e f e r r e d t o as 
t h e Smaland p l a t e a u . At t h e s o u t h e r n s i d e o f t h e 
S c a n d i n a v i a n s t r a i t s , t h e l o w l a n d s emerge g e n t l y h e re 
and t h e r e g i v i n g o r i g i n t o t h e D a n i s h s o i l . 
H i g h l a n d B r i t a i n i s an a r e a o f m a s s i f s and p l a t e a u 
c o u n t r y , where most o f t h e g r o u n d s t a n d s above 1000 f t . 
They appear c o n c e n t r a t e d on t h e w e s t e r n p a r t s o f t h e 
i s l a n d and b r o a d e n up g r a d u a l l y t o w a r d t h e n o r t h , 
where t h e y b a s i c a l l y occupy t h e whole c o u n t r y . H i g h -
l a n d B r i t a i n i n c l u d e s S o u t h w e s t E n g l a n d , Wales, t h e 
Lake D i s t r i c t and t h e P e n n i n e s , t h e s o u t h e r n Uplands 
and t h e S c o t t i s h H i g h l a n d s ( f i g . I I . 1 - 1 c ) . Most o f 
I r e l a n d has t h e same c h a r a c t e r . The h i g h e s t peaks a r e 
i n w e s t e r n S c o t l a n d , s o u t h w e s t e r n I r e l a n d and n o r t h -
w e s t e r n VJales (up t o 3300 f t , and b e y o n d ) , and t h e y 
c o n t r i b u t e t o g i v e t h e c o a s t l i n e i t s r u g g e d c h a r a c t e r . 
I n o p p o s i t i o n , Lou/land B r i t a i n and - t o a c e r t a i n ex-
t e n t - t h e c e n t r a l e a s t e r n r e g i o n o f I r e l a n d a r e a r e a s 
o f p l a i n s , wide v a l l e y s , l o w p l a t e a u s and s c a r p l a n d s , 
e x t e n d i n g t o w a r d s a r a t h e r f e a t u r e l e s s c o a s t l i n e . 
I n v e g e t a t i o n ( f i g , 1 1 , 1 - 2 ) , r e f l e c t i n g t h e c l i m a t -
i c a l and o r o g r a p h i c a l d i v e r s i t y , I b e r i a i s a l s o t h e 
most v a r i e d o f t h e t h r e e a r e a s , a l t h o u g h c e r t a i n l y 
n o t t h e most t h i c k l y c o v e r e d . W h i l e I r e l a n d , B r i t a i n 
and e s p e c i a l l y S c a n d i n a v i a s t i l l c o n s e r v e a f a i r p r o -
p o r t i o n o f w o o d l a n d -some o f i t r e t a i n i n g i t s p r i m -
a e v a l c h a r a c t e r - man has a l m o s t succeeded i n t o t a l l y 
d e n u d i n g I b e r i a o f i t s f o r m e r l y much r i c h e r v e g e t a l 
c o v e r : o n l y 10 p e r c e n t o f S p a i n and 25 per c e n t o f 
P o r t u g a l r e m a i n s f o r e s t e d . A l s o , w h i l e i n t h e A t -
l a n t i c i s l a n d s o f S c a n d i n a v i a - o u t s i d e t h e m o u n t a i n 
r a n g e s - what i s n o t c u l t i v a t e d i s e i t h e r g r a s s l a n d or 
f o r e s t e d w i t h b r o a d - l e a v e d d e c i d u o u s t r e e s , o r w i t h 
c o n i f e r s ( i n S c a n d i n a v i a , n o r t h o f t h e 60° l i n e ) , i n 
I b e r i a - o u t s i d e t h e s m a l l p e r c e n t a g e w h i c h i s c u l t i v -
T i g . I I . 1 - 1 a . R e l i e f and n a t u r a l 
regions i n Scandinavia. ( A f t e r 
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P i g . I I . 1 - 2 a . Vegetation and land 
use i n Scandinavia. ( A l t e r Somme , 
1968 and Alexandersson, 1972). 
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? i g . I I . 1 - 1 b . R e l i e f and naturaa 
reploHB of I b e r i a and Balearea. 
( A f t e r Cabo * V i g i l , 1979 and Sa-
•ory, 1966). 
P i g . I I . l - 2 b . VeeetatioD and 
land use i n I b e r i a . ' ( A f t e r War, 
1962). 
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Pig. I I . 1 - 2 C . Vegetation and 
land use i n the B r i t i B h I s l e s 
( A f t e r Dury, 1 9 7 8 ) . 
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I S L A N D S 
Relative extents of cropland and grassland, 1970 
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Pig. I I . I - l c . R e l i e f and n a t u r a l 
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"Highland and Lowland Britain. (Based in part on a map by L Dudley Stamp.) 
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ated and a feiu reduced mountain areas of a l p i n e veg-
e t a t i o n - the r e s t i s covered uuith deciduous mountain 
f o r e s t , "monte b a j o " ( e v e r g r e e n , d r o u g h t - r e s i s t a n t 
t r e e s ) and " m a t o r r a l " (heath p l a n t s ) . 
R a i n f a l l and h u m i d i t y g r a d u a l l y d i m i n i s h i n the 
t h r e e cases from a f o c u s s i t u a t e d someiuhere on the 
luestern p a r t of each of the t h r e e areas: western 
I r e l a n d , i n one case, southwestern Morway, i n an-
o t h e r , and the n o r t h w e s t e r n corner of Spain, i n the 
t h i r d case ( f i g . I I . 1 - 3 ) , The s o u t h w e s t e r l y a i r stream 
of the A t l a n t i c , which b r i n g s a c o n s t a n t supply of 
warm, moist and t r o p i c a l m a r i t i m e a i r t o the n o r t h -
west of Europe, e x e r t s as w e l l i t s i n f l u e n c e i n 
n o r t h e r n and western I b e r i a , T h e i r e f f e c t s are, 
however, d i v e r s e . The open i n s u l a r c h a r a c t e r of the 
i s l a n d s i n the n o r t h A t l a n t i c does not pre v e n t the 
warm, moist a i r masses from b r i n g i n g clouds and 
r a i n f a l l s everywhere around the I r i s h sea. But 
f u r t h e r n o r t h and e s p e c i a l l y f u r t h e r s o u t h , the 
Scandinavian and I b e r i a n p l a t e a u s and t h e i r moun-
t a i n s more e f f e c t i v e l y screen o f f the i n l a n d and 
landmasses t o the e a s t . I n S c a r i d i n a v i a , t o the n o r t h 
and east and along the western c o a s t , the r e g i o n i s 
a l s o open t o c o o l , most Polar m a r i t i m e a i r from the 
n o r t h and, i n w i n t e r , t o the c o l d dry Polar c o n t i -
n e n t a l a i r from over the Eurasian c o n t i n e n t . Further 
s o u t h , winds mostly blow from the A t l a n t i c and, i n 
the case of I b e r i a , from the Mediterranean and from 
n o r t h e r n A f r i c a as w e l l , b r i n g i n g warm a i r masses 
- d r y , i n the case of e a s t e r n and southern I b e r i a , 
humid, i n the n o r t h A t l a n t i c , I n the I b e r i a n Penin-
s u l a , any m o i s t u r e c o n t e n t i s r a p i d l y e i t h e r stopped 
over the C a n t a b r i c and norths A t l a n t i c land s t r e t c h e s 
between the c o a s t a l l i n e and the scarped edge of the 
Meseta, where clouds p r o g r e s s i v e l y disappear i n t o 
t h i n a i r - or by the h i g h l a n d s which c u t o f f the g r e a t 
t a b l e l a n d s of the Meseta from both each other and 
from the sea. 
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North-MStfHy 
General winds over Europe 
and north Africa. 
Fl«. I I . 1-5. We«t»m lurope: 
wimAe ( b ) . ( i f t a r Kandrew, 
1953). 
Wg. I I . 1 - 5 . WMttrn lurop«i pi«clpit«tleD ( a ) , 
( i f t a r K«ndr««, 1935). 
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Temperature g r a d a t i o n ( f i g . 11,1-4) i n the i n -
h a b i t e d areas occurs p r e d o m i n a n t l y along l a t i t u d e 
i n Scandinavia and the n o r t h A t l a n t i c i s l a n d s , where 
the l a n d runs from south t o n o r t h , but a l s o from the-
mountains toward the c o a s t . In I b e r i a , a l t h o u g h l o n -
g i t u d e ( t h r o u g h p r o x i m i t y t o the c o a s t ) and l a t i t u d e 
s t i l l p l a y a r o l e , a l t i t u d e i s the main f a c t o r f o r 
most of the r e g i o n . There i s no longer one s i n g l e 
t h e r m i c p a t t e r n v a l i d year-round. The h e i g h t of the 
p l a t e a u determines i t s c o n t i n e n t a l i t y : the lowest 
temperatures are r e g i s t e r e d t h e r e ( e s p e c i a l l y on i t s 
n o r t h e r n h a l f ) i n the w i n t e r , and a l s o some of the 
h i g h e s t , d u r i n g summer. Along the c o a s t , temperature 
v a r i a t i o n i s s m a l l , and l a t i t u d e and water c o n t e n t of 
the predominant masses are the d e t e r m i n a n t f a c t o r s . 
The maximal summer temperatures are reached i n the 
c e n t r e of the Ebro Depression (which almost reaches 
the extremes of the p l a t e a u ) , i n the c e n t r a l and 
s o u t h e r n p a r t s of the Meseta and i n the G u a d a l q u i v i r 
Depression (where the h i g h e s t temperatures i n Europa 
have been r e c o r d e d ) . 
When c o n s i d e r i n g i n s o l a t i o n . ( f i g , 11,1-5), Sweden 
occupies an i n t e r m e d i a t e p o s i t i o n between the two 
o t h e r r e g i o n s , w i t h between 1600 and 2200 hours of 
sunshine a year (1400 t o 2200, i n c l u d i n g Norway as 
w e l l ) . The areas of maximum d u r a t i o n are i n southeast 
IMorway, along the coast of N o r r l a n d , southeast Sweden 
and the i s l a n d s of Gotland and Oland, The areas of 
minimum d u r a t i o n i n c l u d e the r a i n y c o a s t a l areas of 
Trdndelag i n Norway and the southwest slopes of the 
h i g h l a n d s of s o u t h e r n Sweden. I n B r i t a i n and I r e l a n d 
i n s o l a t i o n ranges r o u g h l y between 1000 and 1800 
hours of b r i g h t sunshine per year, but most of the 
area i s under the 1600 b o r d e r . I t v a r i e s from a 
minimum i n the mountainous areas of the n o r t h and 
n o r t h w e s t towards a maximum i n the south and the 
s o u t h e a s t . I n I b e r i a , e x c e p t i n g a n o r t h e r n Cantabric 
f r i n g e which r e c e i v e s l e s s than 2000 per year, most 
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of t he c o u n t r y enjoys more than 2000 hours of sun-
shine a year. The maximum (3000 and beyond) i s 
reached i n so u t h e a s t e r n Spain and i n some p a r t s of 
western Andalucfa, along the c o a s t . 
A l l aforementioned f a c t o r s t o g e t h e r determine the 
c l i m a t e o f the r e g i o n under c o n s i d e r a t i o n ( f i g . I I . 
1 - 6 ) . T h e r m i c a l l y , the whole r e g i o n can be s u b d i v i d e d 
i n t o two types of c l i m a t e s : mesothermal i n I b e r i a 
( y e a r l y temperatures from 27°F t o 50° r and beyond) 
w i t h m i l d w i n t e r s , and m i c r o t h e r m a l i n the n o r t h w i t h 
severe w i n t e r s ( y e a r l y temperatures below 27°F t o 
50°F and beyond). Otherwise, i n terms of r a i n f a l l 
and c l o u d i n e s s , n o r t h e r n Spain and southern Scan-
d i n a v i a p a r a l l e l the c l i m a t i c g r a d a t i o n i n the n o r t h 
A t l a n t i c i s l e s , A (wet: n o r t h w e s t e r n Spain, western 
I r e l a n d and southern Norway - w i t h maximum p l u v i o s i t y 
and c l o u d i n e s s ) g r a d u a l l y merges i n t o B (humid: the 
A t l a n t o - C a n t a b r i a n f r i n g e south and east of the wet 
I b e r i a n zone, e a s t e r n I r e l a n d , the two western t h i r d 
p a r t s of B r i t a i n and southern Sweden), which i n t u r n 
t r a n s i t s i n t o C (subhumid: the t r a n s i t i o n a l I b e r i a n 
zone, e a s t e r n B r i t a i n and the southermost t i p of 
Sweden), A l l these zones enjoy a l l - s e a s o n r a i n . 
Beyond them, the r e s t of I b e r i a belongs i n t o the 
sub-humid and s e m i - a r i d c a t e g o r i e s , w i t h r a i n d e f i -
c i e n c y i n summer, w h i l e Scandinavia p r e s e n t s a tongue 
of t u n d r a c l i m a t e a s t r i d e the mountains, g r a d u a l l y 
merging i n t o t a i g a t o the east and the west. 
P r e c i p i t a t i o n f a l l s almost e n t i r e l y under the form 
of r a i n i n Spain, and i t i s g r e a t l y r e s t r i c t e d t o the 
n o r t h and nort h w e s t and t o the h i g h e s t peaks every-
where. Outside t h a t area i t i s predominantly of l o c a l 
t h u n d e r s t o r m c h a r a c t e r . I n B r i t a i n snow becomes of 
c e r t a i n importance, but i t i s i n Scandinavian moun-
t a i n s and east of them where snow d e f i n i t i v e l y 
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Alt h o u g h o n l y i n d i v i d u a l s luhich possess' at l e a s t 
t h r e e autochthonous grandparents have as a r u l e been 
c o n s i d e r e d f o r a n a l y s i s i n the present work, t h i s i s 
by no means a guarantee f o r homogeneity - since the 
g e n e t i c impact of the f o r e i g n elements absorbed i n t o 
the p o p u l a t i o n d u r i n g the past i s f a r from being ne-
g l i g i b l e . I t s approximate e v a l u a t i o n - a task of 
n e a r l y unsurmountable d i f f i c u l t y - i s n o t , hoiuever, 
the concern of t h i s r e s e a r c h , f o r ijjhich reason only 
a g e n e r a l i z e d r e f e r e n c e t o the most i m p o r t a n t among 
those u u i l l be made here. F u r t h e r i n f o r m a t i o n m i l l be 
p r o v i d e d elsewhere whenever i t i s cons i d e r e d neces-
_3a r y , ^ 
Of the t h r e e areas, only one - I b e r i a - seems t o 
have pla y e d the r o l e of a cr a d d l e f o r a p r e - N e o l i t h i c 
major s e c t i o n of i t s p o p u l a t i o n . Without e x c l u d i n g 
f o r e i g n M e d i t e r r a n e a n c o n t r i b u t i o n s , the modern inh a -
b i t a n t s of I b e r i a appear to be the end product of a 
long l i n e of l o c a l . e v o l u t i o n , a c c e l e r a t e d d u r i n g .the 
H e s o l i t h i c t i m e s , g e n e t i c a l l y l e a d i n g the .greater p a r t 
of:.';the/ population.'.in. a Mediterranean d i r e c t i o n . I t i s 
s t i l l u n c l e a r t o what e x t e n t e n v i r o n m e n t a l f a c t o r s -
a t the expense of g e n e t i c f a c t o r s - may be r e s p o n s i b l e 
f o r the appearance of i n t e r n a l v a r i a t i o n w i t h i n a po-
p u l a t i o n of p r e d o m i n a n t l y u n i t a r i a n o r i g i n . Yet, i t 
i s l i k e l y t h a t the l a t t e r are the most i m p o r t a n t i n 
a c c o u n t i n g f o r the d i f f e r e n c e s e x i s t i n g between n o r t h e r n 
S p a n i a rds, e s p e - c i a l l y Basques, and the r e s t of the 
I b e r i a n p o p u l a t i o n s . On the ot h e r hand, modern research 
on the s u b j e c t (Ferembach, 1977) suggests t h a t e n v i r o n -
m e n t a l l y provoked ( p l a s t i c ) v a r i a b i l i t y may be the major 
source of d i v e r s i t y between Spaniards of the Medite-
r r a n e a n l i t o r a l and h i n t e r l a n d Spaniards. Custornarily , 
the I b e r i a n a n t h r o p o l o g i s t s speak of a g r a c i l e or 
i n s u l a r v a r i e t y of Mediterranean and .a robustus or Eur-
a f r i c a n - the f i r s t , i s common everywhere, .except i n .the . 
n o r t h . , w h i l e the second one i s more abundant along 
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the e a s t e r n seaboard. Leaving aside the incidence of 
e n v i r o n m e n t a l f a c t o r s , the more rugged .appearance of 
the r o b u s t u s or A t l a n t o - M e d i t e r r a n e a n subtype may owe 
much t o the a b s o r p t i o n of groups of Cromagnoid s u r v i -
•vors, seemingly numerous i n some of the Mediterranean 
(1 ) 
p r o v i n c e s ^ ', by the e v o l v i n g Mediterranean popula-
t i o n s .( Fust^ , 1957), The a l l e g e d i n t r u s s i o n of new 
groups w i t h n o r t h e a s t A f r i c a n N e o l i t h i c t r a i t s i n t o 
the p r o v i n c e of A l m e r i a (Savory, 1968) - i f demons-
t r a b l e - would have o n l y c o n t r i b u t e d to a f u r t h e r Me-
d i t e r r a n i z a t i o n of I b e r i a . 
A l though D i n a r i c o - A r m e n o i d s e a f e r e r s and A l p i n e s 
have been linvoked, t o account f o r the round-headedness 
of western Andalusians and southern Extremadurians, on 
the one hand, and C a n t a b r i a n s on the other hand, t h e r e 
are no i n d i c a t i o n s whatsoever of any i n t r u s s i o n of the 
adequate f o r e i g n elements i n the r e q u i r e d s c a l e . Thus, 
so f a r they are r a t h e r t o be looked upon as the r e s u l t 
of b r a c h y c e p h a l i z a t i o h i n s i t u of the r e g i o n a l forms 
by the a c t i o n of agents s t i l l unknown. On t h a t d i r e c t i o n 
p o i n t s a l s o the f a c t t h a t the southwestern and middle 
Tagus f o c i of round-headedness appear already exempli- . 
f i e d i n some c r a n i a of debated M e s o l i t h i c age (Hoyos, 
1947), and become more i m p o r t a n t d u r i n g the N e o l i t h i c 
. and the Bronze Age. 
( l ) Fustd (1957) has p o i n t e d out the s u r v i v a l i n t o the Neo-
E n e o l i t h i c of the east and the southeast of Upper Palaeo-
l i t h i c forms. They n o r m a l l y approach the•French. Cromagnon 
fo r m , but even the Combe-Cape l i e form i s r e p r e s e n t e d , -
t h i s one very c l o s e l y s u g g e s t i n g p r i m i t i v e Mediterranean 
forms, 
Morant ( l 9 3 0 / l ) and Bonin (19,35) have evidenced the small 
i n t e r n a l v a r i a b i l i t y of a composite sample r e p r e s e n t i n g 
Upper P a l a e o l i t h i c man, and t h i s speaks a g a i n s t 
l a t e r a l l y d e r i v i n g the Mediterranean p o p u l a t i o n s from 
some Combe-Capelle l i k e f o r m . That may be so, but i t may 
be wondered whether both a u t h o r ' s c o n c l u s i o n s might not 
have become s i g n i f i c a n t l y a l t e r e d had the Combe-Capelle 
form been r e p r e s e n t e d by a g r e a t e r number of specimens, 
(some have been found l a t e r : J e l i n e k , 1969) - w i t h the 
subsequent i n c r e a s e of the sample's c o e f f i c i e n t of va-
r i a t i o n , owing t o the m a r g i n a l p o s i t i o n of the form. 
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As a whole, w i t h the e x c e p t i o n of the Basques, 
modern I b e r i a n p o p u l a t i o n s seem t o be remarkably f r e e 
from the Upper P a l a e o l i t h i c m e t r i c archaisms '^'^  which 
- a c c o r d i n g t o some s c h o l a r s ( F l e u r e , 1923; Coon, 1939; 
Lundman, 1952) may be cQmmoner i n n o r t h e r n Europe, 
perhaps owing t o some a d a p t i v e c h a r a c t e r of those 
(2) 
t r a i t s i n a harsher c l i m a t e , , I n c o n t r a s t to I b e r i a , 
e x c e p t i n g the P a l a e o * M e s o l i t h i c c o n t r i b u t i o n , a l l other 
elements are i n n o r t h e r n and n o r t h w e s t e r n Europe pro-
bably a l i e n . Of the t h r e e main elements which have • 
g i v e n the B r i t i s h I s l e s i t s modern c h a r a c t e r , the round-
headed and strong-complexioned human type predomihant 
among the bearers of m e t a l l u r g i c a l knowledge and B e l l 
Beaker c u l t u r e t o the I s l a n d s - a l t h o u g h c u l t u r a l l y de-
r i v e d from I b e r i a - must have c o n t a i n e d c e n t r a l European 
ty p e s ( n o r t h German Corded and n a t i v e s of M e s o l i t h i c and 
Danubian c u l t u r a l e x t r a c t i o n ) , w h i l e the Nordic element 
(1) I n d i v i d u a l s e s s e n t i a l l y r e s e m b l i n g the French Cromagnon 
type crop up s p o r a d i c a l l y among modern Basques ( F u s t ^ , 
1957), and Cromagnoid t r a i t s appear o c c a s i o n a l l y among 
the^ i n h a b i t a n t s of the C e n t r a l S i e r r a , according to 
Hoyos (19A7; 1952). 
The a n t h r o p o l o g y of the blood groups has not been s t u 
s t u d i e d i n I b e r i a as t h o r o u g h l y as i n B r i t a i n or Scan-
d i n a v i a . Yet, i t may be s i g n i f i c a n t t h a t , o u t s i d e the 
Basque c o u n t r y , the p r o v i n c e s approaching Basque average 
f i g u r e s i n c l u d e a l l ' v a s t mountain ranges: one area 
extends from S o r i a southwards ( S o r i a - T e r u e l ranges) and 
the o t h e r runs westwards ( C e n t r a l S i e r r a ) . I t may be 
w o r t h w h i l e i n v e s t i g a t i n g whether Cromagnoid t r a i t s and 
0-genotypes show any s i g n i f i c a n t a s s o c i a t i o n . 
( 2 ) I n southwest I r e l a n d (Coon, 1939) and c e r t a i n l o c a l i -
t i e s of Wales ( F l e u r e , 1923), i n the mountain d i s t r i c t 
of southern Norway (Coon, 1939) and i n c e r t a i n v i l l a g e s 
of c e n t r a l and s o u t h e r n Scandinavia (Lundman, 1946 and 
1967) - a l l r a t h e r i s o l a t e d t r a c t s - the presence of 
i n d i v i d u a l s m e t r i c a l l y r e c a p i t u l a t i n g Upper P a l a e o l i t h i c 
man have been p o i n t e d out by the a n t h r o p o l o g i s t s . More 
r e c e n t s e r o l o g i c a l surveys conducted w i t h i n some of 
these d i s t r i c t s have e l i c i t e d u n u s u a l l y high r - f i g u r e s 
(Casey et a l . , 1963; Sunderland" e t a l . , 1973; G a r l i c k 
& P a n t i n , 1957; Casey e t a l . , 1966; Beckman & Martens-
son, 1958). 
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was m a i n l y brought by the C e l t i c and, e s p e c i a l l y , the 
German i n v a s i o n s . The M e d i t e r r a n e a n component, the 
o l d e s t of the t h r e e , was p r o b a b l y r e p r e s e n t e d by the 
f i r s t a g r i c u l t u r a l i s t s - p o s s i b l y of.Danubian and I b e r i a n 
e x t r a c t i o n , but i t i s w o r t h w h i l e i n v e s t i g a t i n g whether 
i t may not have f o r m e r l y found i t s way i n t o the southern ' 
Pennines d u r i n g the f i r s t h a l f of the seventh c e n t u r y 
B,C. w i t h the bearers of the "narrow-blade" m i c r o l i t h i c 
i n d u s t r i e s of south French d e r i v a t i o n . 
By the end of the G l a c i a l P e r i o d and u n t i l - the be-
g i n n i n g of the B o r e a l , western Europe emerges and 
e v o l v e s as the realm of t h r e e d i f f e r e n t c u l t u r a l pro-: • • 
v i n c e s , whose g e o g r a p h i c a l d i s t r i b u t i o n t o a c e r t a i n 
e x t e n t p a r a l l e l s modern r a c i a l d i s t r i b u t i o n . The Ah-
rensburg-Maglemosean t r a d i t i o n along the n o r t h European 
p l a i n , southern Escandinavia and southern B r i t a i n - which 
b a s i c a l l y c o n t i n u e s the Upper P a l a e o l i t h i c way of l i f e . 
Southwards, r e a c h i n g the Mediterranean i n c e r t a i n areas, 
extends the t e r r i t o r y of the M a g d a l e n i a n - A z i l i a n t r a d i -
t i o n , w i t h i t s h e a r t i n s o u t h - c e n t r a l France and the 
Spanish Cantabrian r e g i o n . South of i t i s the p r o v i n c e 
of t h e E p i g r a v e t t i a n t r a d i t i o n , i n Mediterranean I b e r i a 
( p r o g r e s s i v e l y expanding i n t o the h i n t e r l a n d ) , p a r t s of 
s o u t h e r n France and I t a l y . U n d e r l y i n g s i m i l a r i t i e s 
between the n o r t h e r n and the n o r t h w e s t e r n Europeans and 
among-.• the southern European p o p u l a t i o n s of our days 
i n a l l p r o b a b i l i t y owe much t o the g e n e t i c s t r u c t u r e of 
western Europe i n those days. However, d u r i n g the Boreal 
p e r i o d the c u l t u r a l u n i t y of the Maglemosian p r o v i n c e 
i s broken i n two occasions by m i c r o l i t h i c i n f l u e n c e s 
a r r i v e d from the southern border of the A z i l i a n d i s t r i c t . 
The impact i n B r i t a i n o f . t h e . S a u y a t e r r i a n . wave .has a l - -
ready been mentioned; under the i n f l u e n c e of the second 
( t h e C a s t e l n o v i a n ) and w i t h o u t abandoning the Maglemo-
sean t r a d i t i o n , the Kongemose-Erteb^^lle c u l t u r a l complex 
emerges i n southern Scandinavia ( K o z l o w s k i , 1976; 
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M e l l a r s , 1976). I n the south, I b e r i a perhaps converges 
c u l t u r a l l y towards a C a s t e l n o v i a n f a c i e s , r a t h e r than 
being reached d i r e c t l y by i t . 
Concerning Scandinavia, i t s modern Nordic c h a r a c t e r 
seems t o be ma i n l y a N e o l i t h i c a c q u i s i t i o n . I n s p i t e of 
r e c e n t Swedish o b j e c t i o n s a g a i n s t the f o r e i g n c h a r a c t e r 
of t h e B a t t l e Axe or Scandinavian Corded Ware c u l t u r e 
(Maimer, 1 9 7 5 ) , i t i s s t i l l w i d e l y accepted t h a t i t s . 
p a r e n t a l form appeared w i t h i n the n o r t h e a s t e r n b a r b a r i a n 
f r i n g e s of the a n c i e n t Mediterranean w o r l d (between the 
n o r t h Caspian and the n o r t h P o n t i c steppes) by a c c u l t u -
r a t i o n from the advanced c e n t r e s i n Minor Asia and I r a n 
- where many of i t s main c u l t u r a l p r o t o t y p e s have been 
found (Gimbutas, 1963), jits bearers - o f the rugged Medi-
te^^'aneaa^ type'::., c l o s e t o the Irano-Afghan p r i m i t i v e 
Mediterranean- forms (Coon, 1939) - m i g r a t e d i n t o the 
• Scandinavian P e n i n s u l a v i a Denmark or acroiss. the B a l t i c 
(aroufid',2600 . B. C,.) , and g r a d u a l l y superimposed them-
s e l v e s on the groups -of a g r i c u l t u r a l i s t s (Funnel Necked 
Beaker or TRB c u l t u r e ) s u b - N e o l i t h i c f i s h e r s and 
h u n t e r s ( P i t t e d Ware c u l t u r e ) and h u n t e r - g a t h e r e r s 
of P a l a e o - M e s o l i t h i c d e r i v a t i o n , Mediterranean elements 
of t h e s o - c a l l e d A t l a n t i c v a r i e t y - a l s o found i n east 
Spain and i n the "lon g barrows" of the B r i t i s h a g r i c u l -
t u r a l i s t s - have been unearthed from M e g a l i t h i c i n t e r -
ments i n sou t h e r n Scandinavia, and set i n co n n e c t i o n 
w i t h the spread of M e g a l i t h i s m u l t i m a t e l y from France 
and I b e r i a . More l i k e l y , they may have r e p r e s e n t e d the 
r e c e p t o r s of the new M e g a l i t h i c i n f l.uences, e i t h e r a 
s e c t i o n or the mass of the TRB p o p u l a t i o n s . 
(1) Presumably r e l a t e d t o the Danubian and Michelsberg c u l -
t u r e s of c e n t r a l Europe - the f i r s t , at l e a s t , brought 
by people of e a s t e r n Mediterranean a f f i l i a t i o n . 
( 2 ) D i s t r i b u t e d adong the coasts'between the th r e e Scandi-
n a v i a n c o u n t r i e s and along the F i n n i s h and east B a l t i c 
c o a s t s , from where i t i s supposed t o d e r i v e . 
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The s k e l e t a l s i m i l a r i t i e s between Nordics and Medi-
t e r r a n e a n s ( e s p e c i a l l y those belonging to the ' A t l a n -
t i c ' and the Middle East v a r i e t i e s ) have been repea-
t e d l y p o i n t e d out i n a n t h r o p o l o g y , and i t seems a , 
reasonable i n t e r p r e t a t i o n to conclude t h a t those forms, 
by d e p i g m e n t a t i o n i n Scandinavia or p r i o r t o t h e i r 
a r r i v a l , and by i n t e r b r e e d i n g w i t h the n a t i v e p o p u l a t i o n s 
gave o r i g i n t o the c l a s s i c type of N o r d i c , as known t o 
the a n t h r o p o l o g i s t s .^ ^ \ 
To I b e r i a the Nordic type was brought by the U r n f i e l d 
and C e l t i c i n v a s i o n s between mainly the U I I I and UI.cen-
t u r i e s B.C. and by the German invade r s of c h i e f l y the U 
c e n t u r y D,C. I t s g e n e t i c i n f l u e n c e , a l t hough c o n s i d e r a b l e 
at f i r s t i n l o c a l terms, became a f t e r w a r d s g r e a t l y d i l u -
t e d by i n t e r n a l d isplacements of p o p u l a t i o n s and absorbed 
i n t o t he t o t a l gene p o o l . 
I n more r e c e n t p e r i o d s , apart from Gypsies and 
Jews ^•'^ whose g e n e t i c impact has presumably been max-
i m a l i n I b e r i a -among the t h r e e r e g i o n s , t h e r e i s the 
. o r i e n t a l ( c h i e f l y Muslim) i n f l u e n c e i n I b e r i a 
( 1 ) Upper P a l a e o l i t h i c s u r v i v o r s are not unknown i n o t h e r 
p a r t s of Europe, They have been found by 3el£nek (1969) 
i n t h e Dnieper v a l l e y , as a whole group ( N e o l i t h i c ) and 
as s i n g l e i n d i v i d u a l s w i t h i n two p o p u l a t i o n s of p r o t o -
M e d i t e r r a n e a n c h a r a c t e r ( M e s o l i t h i c ) , These two popula-
t i o n s may c a n d i d a t e p e r f e c t l y f o r the a n c e s t o r s h i p of 
the Corded pe o p l e . 
( 2 ) Who appeared i n western Europe i n the l a t e f i f t e e n t h 
and e a r l y s i x t e e n t h c e n t u r i e s . 
(3) T h e i r presence i n the c o u n t r i e s along the M e d i t e r r a -
nean shores a n t e d a t e s the C h r i s t i a n e r a , and becomes 
more i n t e n s i v e d u r i n g i t s f i r s t years. L a t e r on they 
s t a r t e d m i g r a t i n g towards' the n o r t h ; . and byr:32,1 A,D, 
t h e r e were Jewish c o l o n i e s . i n the Rhine c o u n t r y , 
(4) The presence of n o r t h A f r i c a n and Levantine c o l o n i s t s 
and t r a d e r s i n the I b e r i a n coasts probably antedates 
the Bronze Age (Savory, 1968 ) , I n any case, i t can be 
t r a c e d back t o the p e r i o d between the e i g t h and the 
end of the t h i r d c e n t u r i e s - when Phoenician?, Greeks 
and Carthagenians found t h e i r way i n t o the c o u n t r y . 
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( r o u g h l y l a s t i n g 800 y e a r s ) and - .in B r i t a i n - the 200 
years of Scandinavian i n v a s i o n s and the French Morman 
i n f l u e n c e . No phenomenom of comparable importance has 
taken place i n Sweden d u r i n g h i s t o r i c a l times. Yet, 
Finns and Walloons ( a r r i v e d d u r i n g the f i r s t h a l f of 
the seventeenth c e n t u r y ) and Germans ( i m p o r t a n t w i t h i n 
Stockholm's upper c l a s s a l r e a d y since the Hanseatic 
p e r i o d ) have s i g n i f i c a n t l y c o n t r i b u t e d t o the gene p o o l 
of c e r t a i n d i s t r i c t s and s o c i a l s e c t o r s of the c o u n t r y 
(1) 
^ , I n more r e c e n t t i m e s , the coming of immigrants 
from e a s t e r n and c e n t r a l Europe and f r o m . L a t i n . America 
( m o s t l y as p o l i t i c a l , refugees),. but even from southern 
Europe • arid the T h i r d World ( o f whom a c e r t a i n p ropor-
t i o n s t a y s i n the c o u n t r y ) , has a l s o been f e l t i n 
Sweden and B r i t a i n . I n a d d i t i o n , some m i s c i g e n a t i o n 
w i t h i n d i v i d u a l s from the former c o l o n i e s - 'only i n 
p a r t of V/hite e x t r a c t i o n - has taken place i n Spain '.. 
and B r i t a i n , 
( 1 ) However, the e x i s t e n c e of a F i n n i s h - l i k e s u b s t r a t e i n 
e x t e n s i v e p a r t s of Sweden d u r i n g p r e h i s t o r i c times has 
been r e p e a t e d l y suggested on a r c h a e o l o g i c a l and sero-
l o g i c a l grounds (Beckman., 1959), 
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11,2. The survey. 
Most of the data on which t h i s work i s based 
were gathered d u r i n g the 1976-7 Michaelmas and 
Epiphany terms and d u r i n g the 1977-8 Michaelmas 
term, under which the author was engaged i n prac-
t i c a l f i e l d w o r k i n Sweden. The B r i t i s h and Spanish 
samples were put t o g e t h e r d u r i n g the r e s t of the 
academic year 1977-8 i n Durham and Madrid respec-
t i v e l y . In a d d i t i o n t o them, I r e c e i v e d through the 
agency of my s u p e r v i s o r . P r o f e s s o r E. Sunderland, 
491 cards w i t h data on B r i t i s h and Danish s u b j e c t s . 
Among these the B r i t i s h sample (Yo r k ) was k i n d l y put 
a t my d i s p o s a l by Mr. 3, Edwards. Thus, the author's 
data were mainly gathered d u r i n g l a t e autumn and 
w i n t e r , w i t h the e x c e p t i o n of most of the Spanish 
and some of the B r i t i s h d a t a , which were c o l l e c t e d 
d u r i n g e a r l y s p r i n g . No measurements were taken 
d u r i n g summer. The" York and the Arhus samples were 
a l s o put t o g e t h e r d u r i n g the n o n - b r i g h t p a r t of the 
year. 
With very few e x c e p t i o n s a l l Spaniards were 
sampled at the U n i v e r s i d a d Complutense of Madrid 
and a l l B r i t i s h a t the U n i v e r s i t y of Durham, w h i l s t 
among those t e s t e d i n Sweden most come from schools 
- w i t h a few groups c o n t a c t e d t h r o u g h e i t h e r the Red 
Cross and the Y W C A / Y M C A i n Malmd, or at two of 
Malmd's k i n d e r g a r t e n s and one of i t s h o s p i t a l s (MAS). 
A few B r i t i s h and Spanish s u b j e c t s were t e s t e d i n 
Sweden, di s c o n n e c t e d from any u n i v e r s i t y , and a l l 
Swedes were t e s t e d i n Skane ( s o u t h e r n Sweden) 
- mostly Malmd and T r e l l e b o r g . The Swedish schools 
v i s i t e d i n c o n n e c t i o n w i t h t h i s work, e i g h t i n Malmd 
and one i n T r e l l e b o r g , corresponded academically t o 
the B r i t i s h GCE, high school and e x t r a - m u r a l s t u d i e s . 
Apart from a few cases i n each c o u n t r y - c o n t a c t e d 
as f r i e n d s , r e l a t i v e s or c o l l e a g u e s - a l l c o n t a c t s 
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were he l d on s t r i c t l y i mpersonal bases, and th e r e 
were no reasons to suspect i n the s u b j e c t s any s o r t 
of i n t e n s e e m o t i o n a l or c u l t u r a l involvement w i t h 
s u n n i e r weathered c o u n t r i e s , which could somehow 
have biased the sampling, w i t h the e x c e p t i o n of some 
a d u l t s t u d e n t s of Spanish, Portuguese, French or I t a -
l i a n . They were, however, too few t o matter. With 
r e s p e c t t o the d i s t r i b u t i o n of sexes, i t may be sus-
pected t h a t , at l e a s t among Swedes, the more e x t r o -
v e r t e d c h a r a c t e r of the females c o n t r i b u t e d t o make 
them appear o v e r - r e p r e s e n t e d i n the samples. Thus, 
w h i l e i t seems reasonable t o speak of random sampling 
of s u b j e c t s , i t cannot be h e l d t h a t the sampling was 
s t r a t i f i e d . An a p o s t e r i o r i performance of s t r a t i f i e d 
sampling was d i s c a r d e d as u n r e a l i s t i c , since i t would 
have h e a v i l y reduced the s i z e of the samples. 
Alth o u g h even f o r e i g n e r s were i n c l u d e d i n the 
survey i n each c o u n t r y , t h e i r numbers were always 
s m a l l . For t h i s reason they have not been considered 
i n t h i s work. No people of 'pure' Lapp or Gipsy an-
c e s t r y ( o r any ot h e r k i n d of nomadic m i n o r i t y ) were 
t e s t e d , a l t h o u g h t h r e e or f o u r Swedes dec l a r e d t o 
have ( o r suspected t o have) some Lapp blood, and a 
p a i r of B r i t i s h r e v e a l e d t o have some Gipsy b l o o d . 
Apart from these two e t h n i c groups and from the Jews, 
a l l of which have t o a g r e a t e x t e n t succeeded i n 
keeping a d i s t i n c t i d e n t i t y , the g e n e t i c impact of 
a l l the elements absorbed d u r i n g the past . i n t o the 
p o p u l a t i o n of the t h r e e c o u n t r i e s cannot be d i s d a i n e d . 
I n v e s t i g a t i n g the c o n c r e t e importance of each of those 
elements w i l l n o t , however, be attempted here. I n -
s t e a d , the e x i s t i n g knowledge w i l l e v e n t u a l l y be 
used as a t o o l when i n t e r p r e t i n g the r e s u l t s . I n 
each of the t h r e e c o u n t r i e s i n c l u d e d i n t h i s survey 
the d i f f e r e n t p r o v i n c e s were very unevenly r e p r e s e n t e d 
(some were not r e p r e s e n t e d a t a l l ) . However, a d i f -
f e r e n t l a y o u t of the survey would have rendered i t 
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u n p r a c t i c a b l e , ouuing t o the a d d i t i o n a l c o s t s and 
e x p e n d i t u r e of time i n t r o d u c e d by the e x t e n s i v e 
t r a v e l l i n g demanded. 
I n a l l 1960 i n d i v i d u a l s mere t e s t e d i n the th r e e 
c o u n t r i e s . 1 1 0 7 i n Sweden, 580 i n B r i t a i n and 273 i n 
Spain. The numbers are only approximate since a Few 
of the Spaniards and the B r i t i s h were surveyed i n 
Sweden. Of t h e s e , 677 were 'pure' Swedes, 234 were 
'pure' Spaniards and 79 were 'pure' B r i t i s h . Among 
the cases not c o l l e c t e d by the author h i m s e l f (457 
B r i t i s h s u b j e c t s and 34 Danish s u b j e c t s ) no degree 
of ' p u r i t y ' c o u l d be e s t a b l i s h e d , since no i n f o r m a -
t i o n on the s u b j e c t s ' a n c e s t r y was a v a i l a b l e . For 
t h i s reason, they have undergone a comp l e t e l y d i f -
f e r e n t t r e a t m e n t . Before the a c t u a l p r o c e s s i n g of 
the d a t a , the Spanish, Swedish and B r i t i s h samples 
( e s p e c i a l l y York) s u f f e r e d an a d d i t i o n a l r e d u c t i o n 
i n s i z e because of random e c l u s i o n of some of the 
cases, due t o c o n s a n g u i n i t y . The p r i n c i p l e f o r ex-
c l u s i o n was always random, except when a whole f a m i l y 
was i n c l u d e d . Then, the p a r e n t s were k e p t , since 
sample s i z e d i m i n i s h e d l e s s t h a t way. No consanguin-
i t y beyond second c o u s i n l e v e l was d e t e c t e d . Tests 
f o r p i g m e n t a t i o n and c o l o u r b l i n d n e s s were both per-
formed among most of the s u b j e c t s t e s t e d by the auth -
o r , and s a l i v a samples were c o l l e c t e d from one h a l f 
of. the i n d i v i d u a l s i n the Swedish sample and from 
most of those i n the Spanish and B r i t i s h samples. 
The r e s u l t s of the s a l i v a and c o l o u r b l i n d n e s s t e s t s 
w i l l be p u b l i s h e d s e p a r a t e l y i n a near f u t u r e . For 
t h i s work o n l y the a s s o c i a t i o n s between ABO blood 
groups and p i g m e n t a t i o n w i l l be u t i l i z e d . I n a d d i -
t i o n , a q u e s t i o n n a i r e was handed to each of the 
s u b j e c t s i n v o l v e d i n the t e s t s . This was r e t u r n e d 
m o s t l y complete i n a l l cases w i t h the e x c e p t i o n of 
twenty seven Swedes ( b o t h sexes), who simply r e f u s e d 
t o f i l l i t or r e t u r n e d i t b a s i c a l l y i n c o m p l e t e . 
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No one luho has been engaged i n f i e l d w o r k i j j i t h 
humans as s u b j e c t s w i l l have f a i l e d t o n o t i c e the 
in c i d e n c e uihich p s y c h o - c u l t u r a l f a c t o r s may haye on 
the outcome of the work. Those i n f l u e n c e s appear 
under c o n t r a s t i n g l i g h t s uihen, as i n the present 
case, the same survey i s conducted among people of • 
such u/idely d i f f e r e n t p s y c h o l o g i c a l and c u l t u r a l 
t e x t u r e as the Spaniards, the B r i t i s h and the Swedes. 
P a r t l y owing t o the f a c t o r s of t h a t s o r t and p a r t l y 
due t o the f a c t t h a t the author was i n Sweden a 
f o r e i g n e r and unconnected t o any l o c a l u n i v e r s i t y , 
the y i e l d t h e r e was -when c o n s i d e r i n g the time and 
e f f o r t spent - much too low. Requests f o r permission 
to perform the t e s t i n o f f i c i a l p l a c e s were o f t e n 
met w i t h e i t h e r s u s p i c i o n or i n d i f f e r e n c e by the 
people i n charge. I n t h a t way, t h r e e of the most 
pr o m i s s i n g p o s s i b i l i t i e s --Malmd's P r i s o n , (a 
r e c r u i t encampment near Malmd) and p r a c t i c a l l y a l l 
k i n d e r g a r t e n s i n Malmd— f a i l e d t o r e a l i z e . A i l t h i s , 
plus- the c i r c u m s t a n c e t h a t the survey was i n i t s 
e n t i r e t y conducted by the author a l o n e , p r a c t i c a l l y 
w i t h o u t any manual a s s i s t a n c e , consequently l i m i t e d 
the s i z e of the samples o b t a i n e d . 
The data were processed by the author at the 
Computer U n i t of the U n i v e r s i t y of Durham, using 
one of the a v a i l a b l e s t a n d a r d programmes. 
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I I . 3 , Techniques 
Gut of the t h r e e t e s t s a d m i n i s t e r e d , only one of 
them - p i g m e n t a t i o n •- w i l l be d e a l t w i t h i n t h i s 
work. The two o t h e r s w i l l each be the s u b j e c t of a 
d e t a i l e d study i n the near f u t u r e . The r e s u l t s from 
the s a l i v a t e s t w i l l , ho:ever, be used i n the present 
work i n an attempt t o d e t e c t e v e n t u a l c o r r e l a t i o n s 
between d i f f e r e n t g e n e t i c t r a i t s . The c o l l e c t i o n s of 
data was accomplished by the a u t h o r of t h i s work com-
p l e t e l y unaided, w i t h one s i n g l e e x c e p t i o n : i n Sankt 
P e t r i Skola two of the t e a c h e r s - Dr. B. Peterssqn 
and Dr. B. Ahlstrdm - took up spontaneously the task 
of blood t e s t i n g some of the s u b j e c t s , p u p i l s a t t e n d -
i n g t h e i r l e c t u r e s i n B i o l o g y , and even checking 
t h e i r c o l o u r v i s i o n on my b e h a l f . 
For purposes of e x p o s i t i o n , t he present s e c t i o n 
w i l l be s u b d i v i d e d i n t o f o u r p a r t s : l ) s a l i v a , 2) 
p i g m e n t a t i o n , 3) the q u e s t i o n n a i r e , and 4) v a r i a b l e s 
and a n a l y s i s . 
1) S a l i v a 
I n order t o study the s e c r e t o r / n o n - s e c r e t o r t r a i t 
and the ABO blood group system, s a l i v a samples were 
c o l l e c t e d from i n d i v i d u a l s i n Sweden, i n England and 
i n Spain, The tubes f o r c o l l e c t i n g and s t o r i n g s a l i v a 
were p r o v i d e d i n Spain and B r i t a i n by the Departments 
of Anthropology o f ' U n i v e r s i d a d Complutense de Madrid 
and U n i v e r s i t y of Durham r e s p e c t i v e l y . I n Sweden they 
were most k i n d l y s u p p l i e d by Mr, 3, Karner, i n i t s ma-
j o r i t y , and by Mr, S, L i n d b e r g , 
The s u b j e c t s were asked t o s p i t i n t o the tubes, 
w i t h o u t the a i d of any k i n d of s t i m u l a n t . A f t e r t h a t , 
the s p i t s were s t o r e d under deep f r e e z i n g c o n d i t i o n s 
f o r v a r i a b l e l e n g t h s of time ( n o r m a l l y s h o r t e r than 
seven months) and then d e f r o z e n i n the 'cold room' 
and c e n t r i f u g e d b e f o r e the a c t u a l p r o c e s s i n g , A small 
group of the Swedish ones was, as an e x c e p t i o n , kept 
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under deep f r e e z i n g c o n d i t i o n s f o r a p e r i o d ex-
ceeding one year and they f a i l e d t o g i v e c l e a r 
r e s u l t s , f o r which reason they were e l i m i n a t e d . 
The specimens c o l l e c t e d i n Spain were f i r s t kept 
f r o z e n v a r i a b l e l e n g t h s of time ( h a l f a week to 
t h r e e weeks), then thawn and c e n t r i f u g e d and the 
supe r n a t a n t l i q u i d f r o z e n a g a i n , u n t i l the. f i n a l 
thawing and c e n t r i f u g a t i o n s i x months l a t e r , 
2) P i g m e n t a t i o n 
Some t h i r t y years ago, Weiner (1951 ) d e s c r i b e d a 
p o r t a b l e r e f l e c t a n c e spectrophotometer ( o f the 'abridg-
ed' t y p e ) and proposed i t s use on s k i n c o l o u r s t u d i e s . 
Measurements taken w i t h the p o r t a b l e s p e c t r o p h o t o -
meter were found t o be c l o s e l y comparable to those 
o b t a i n e d on the same l i v i n g s u b j e c t s by using the 
Hardy spectrophotometer. The apparatus recommended 
by Weiner was then produced by the f i r m EEL (Evans 
E l e c t r o s e l e n i u m L i m i t e d ) ^ Since i t has been 
w i d e l y d e s c r i b e d i n s e v e r a l a r t i c l e s , the same w i l l 
not.be done here. I n s t e a d , mention w i l l be made of 
the f a c t t h a t , since i t s i n t r o d u c t i o n t o the a n t h r o -
p o l o g i c a l w o r l d , two main types of E,E,I, s p e c t r o -
photometers have a t l e a s t been employed. One of them, 
theso c a l l e d E,E,L, P,R,S, r e f l e c t o p h o t o m e t e r , has 
a p p a r e n t l y been used by Vialsh o n l y i n h i s work on 
Asian and P a c i f i c peoples (Walsh, 1963), Whether t h i s 
d evice i s r e a l l y d i f f e r e n t from the ot h e r type i s 
im p o s s i b l e t o know froms Walsh's a r t i c l e , but the 
w a v e l e n g t h - f i l t e r set used (650 nm, f i l t e r g l a s s 
Chance ORI) does not correspond t o any of those em-
ploy e d by the o t h e r . The l a t t e r type i s not a c t u a l l y 
a u n i t a r i a n t y p e , i n s p i t e of the g e n e r a l i z e d use of * 
f i l t e r s I l f o r d everywhere, si n c e b a s i c a l l y two d i f -
( 1 ) I t i s now e x c l u s i v e l y manufactured and s e r v i c e d by 
D i f f u s i o n Systems L t d . , 43 Rosebank Road, London W7 
2EW. 
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f e r e n t s e t s of these f i l t e r s ( w i t h minor v a r i a n t s ) 
have been used i n the r e f l e c t a n c e heads (Fernandez, 
i n p u b l i c a t i o n ) . The two s e t s of wavelengths most • 
commonly used are shown i n t a b l e 11,3-1. A f t e r the 
? i l t e r s 601 602 603 604 605 606 607 608 609 
WaTelenfTthB 425 465 485 515 545 574 595 655 685 
( i c m o r B u ) 426 470 490 520 550 580 600 660 685 
Table I I . 3 - 1 . EEL epectroFhotoneters: aete of f i l t e r s moet 
often uaed i n humaE p h y s i c a l biology. 
wavelength c o r r e s p o n d i n g i n each of them t o the f i r s t 
f i l t e r , t h e y w i l l be d e s i g n a t e d here as the 425-type 
and the 426-type. The f i r s t seems t o be, at l e a s t up 
t o 1973, the o n l y one e x h i b i t i n g a b s o l u t e constancy 
of f i l t e r s . The a p p a r a t u s most o f t e n used i n t h i s 
work c o n s i s t s of a EEL 99 R e f l e c t a n c e Spectrophoto-
meter ( t h e ' h e a d - c o n t a i n i n g the f i l t e r s and the 
p h o t o c e l l ) and a EEL 200 U n i g a l v o ( t h e 'readout' u n i t , 
c o n t a i n i n g the galvanometer and the power s o u r c e ) . 
The ujavelength s e t i s i d e n t i c a l t o the one s p e c i f i e d 
f o r the 4 2 5 -type, P a r t of the data c o l l e c t e d i n 
Durham ( t h e a u t h o r ' s B r i t i s h sample) were taken w i t h 
a n o t h e r s p e c t r o p h o t o m e t e r of the same type and w i t h 
the same w a v e l e n g t h - f i l t e r c o m b i n a t i o n . Before use, 
the second s p e c t r o p h o t o m e t e r was each time c a r e f u l l y 
c a l i b r a t e d on one s e t of a r b i t r a r i l y s e l e c t e d s u r -
f a c e s , so t h a t i t s r e a d i n g s would be n e a r l y i d e n t i c a l 
t o those o b t a i n e d w i t h the f i r s t one. The s p e c t r o -
photometers used i n Arhus and York were also EEL 
machines and belonged (as the two o t h e r s ) t o the 
A n t h r o p o l o g y Department of the U n i v e r s i t y of Durham; 
but no i n f o r m a t i o n c o n c e r n i n g the i d e n t i t y of the 
s p e c t r o p h o t o m e t e r u t i l i z e d i n Arhus was a v a i l a b l e . 
The a p p a r a t u s w i t h which the York data seem t o have 
been c o l l e c t e d , a l t h o u g h a l s o a EEL, produced r e a d i n g s 
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which - i n s p i t e of repeated a t t e m p t s to c a l i b r a -
t i o n - were c o n s i s t e n t l y h i g h e r than those obtained 
w i t h the o t h e r two. The p o s s i b l e consequences of 
thse d i s c r e p a n c i e s w i l l be d e a l t w i t h i n more de-
t a i l i n chapter IX, 
Most o f t e n the s k i n c o l o u r of the s u b j e c t s was 
measured i n groups of f i v e or s i x i n d i v i d u a l s at a 
t i m e , i n which case the e x p e r i m e n t e r would read the 
f i g u r e s aloud w h i l e those t e s t e d wrote them down. 
While doing so, the author n o r m a l l y succeeded i n 
checking t h a t the t r a n s c r i p t i o n of the readings was 
the c o r r e c t one. Even so, f i v e u t t e r l y ' i m p o s s i b l e ' 
f i g u r e s were l a t e r d e t e c t e d and e l i m i n a t e d from the 
r e c o r d while l ) coding the d a t a , and 2) checking 
the d ata. For each i n d i v i d u a l , n i ne measurements 
were taken on the middle aspect of the upper inn e r 
arm ( a b b r e v i a t e d ' u i a ' ) and nine on the middle p a r t 
of the forehead ( a b b r e v i a t e d ' f h ' ) . One reading f o r 
f i l t e r f o r p l a c e . The ' w h i t e ' s t a n d a r d r e f e r e n c e 
f o r c a l i b r a t i o n t o zero and t o a hundred was a block 
of magnesium c a r b o n a t e , Mg CO^, whose surface was 
c a r e f u l l y scraped o f f w i t h c e r t a i n r e g u l a r i t y i n 
order t o keep i t c l e a n f o r c a l i b r a t i o n purpose. At 
the b e g i n n i n g of each s e s s i o n , a f t e r i n i t i a l c a l i -
b r a t i o n of the 'readout' u n i t , t he apparatus was 
l e f t alone d u r i n g f i f t e e n t o twenty minutes - f o r 
s t a b i l i z a t i o n of the r e a d i n g s - and then c a l i b r a t e d 
again i f necessary. For g r e a t e r s a f e t y the c a l i b r a -
t i o n was checked every f o r t y f i v e minutes or so, 
and c o r r e c t e d when r e q u i r e d . 
I n a couple of occasions i t was found necessary 
to dismount the v a l v e i n the 'head' f o r e i t h e r con-
t r o l l i n g or changing i t . A d j u s t i n g ' again the d i s -
tances from the v a l v e t o the a p e r t u r e hole was done 
f o l l o w i n g s c r u p u l o u s l y the i n s t r u c t i o n s c o ntained 
i n the b o o k l e t ^ ^ which D i f f u s i o n Systems L t d . f u i 
n i s h e s w i t h the a p p a r a t u s . The same adjustment was 
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a l s o done, as a p r e l i m i n a r y p r e c a u t i o n , before ac-
t u a l l y s t a r t i n g the c o l l e c t i o n of data . I n a d d i t i o n , 
the spectrophotometer was i n each occasion c r o s s -
checked a g a i n s t the means of r e a d i n g s f o r m e r l y ob-
t a i n e d on a r b i t r a r i l y s e l e c t e d comparison surfa c e s 
f o r f i l t e r s nos, 1, 5 and 9, 
I n a few cases, some women were o n l y measured on 
the arm or the forehead, because of reasons which 
la y o u t s i d e the c o n t r o l of the e x p e r i m e n t e r : two' of 
them, f e e l i n g s u s p i c i o u s about the spectrophotometer, 
would r e f u s e t o " s a c r i f y " a n y t h i n g e l s e than t h e i r 
arms, w h i l e i n some o t h e r s c l o t h i n g would prevent 
access to the proper p a r t of the arm, or press i t 
to o hard - p r o v o k i n g the accumulation of b l o o d . Sim-
i l a r l y , some i n d i v i d u a l s simply disappeared w i t h o u t 
a l l o w i n g f o r the c o m p l e t i o n of the whole s e r i e s of 
measurements. 
3) The q u e s t i o n n a i r e 
The q u e s t i o n n a i r e ( t a b l e I I . 3 - 2 ) a t t e m p t s t o ob-
t a i n i n f o r m a t i o n about those b e h a v i o u r a l p a t t e r n s 
which form p a r t of the e n v i r o n m e n t a l dimension of 
p i g m e n t a t i o n , as w e l l as about the c u l t u r a l and 
economical f a c t o r s which - because of i t s a s s o c i a -
t i o n w i t h them - may be i n s t r u m e n t a l i n i t s expres-
s i o n . I t a l s o pretends t o l o c a t e each i n d i v i d u a l i n 
i t s o r i g i n a l g e o g r a p h i c a l and e t h n i c a l background 
- r e l e v a n t because of i t s g e n e t i c a l and e n v i r o n -
mental c o n n o t a t i o n s . Most q u e s t i o n s need no explana-
t i o n , and a l l w i l l , i n any case, be examined i n more 
d e t a i l at the r i g h t moment. Something may, however, 
be a n t c i p a t e d about them. 
Questions number 1 and 2, l e f t b l a n k , correspond 
r e s p e c t i v e l y t o i d e n t i f i c a t i o n number and t o the 
name and surname of the s u b j e c t . T h i s l a s t piece of 
( l ) " R e f l e c t a n c e Spectrophotometer, Model 99", 
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1. 6 
2. E to 
5. Bex / tfit 
4. Birthplace Pariah 
5. County 
< 
6. Shire/ State 
7. 
8. Btknic group 
9. nationality 
10, Birthplace Pariah 
11. County 
12. Shire/ State 
13. Land 
14. Sttinlc group 
15. Rationality 
(-elf) 






50. Ethnic group 
51. nationality (present) 
52. ABO Blood groupB 
1 5 7 . Stature 
! 54. lye colour 
i 5 5 . Hair colour 
56. 
57. Locality of the eurrey 
58. Site (achool, etc 
Occupation 




19. Birthplace Pariah 
20. County 
21. Shire/ State 
22. Land 





27. Shire/ State 
28. land 
29 Ktlmlc group 
30. nationality 
61. Renarks 62. Am 
Porehead 
51. (•elf) ^ 
52. ( thar) g 1 




36. Shire/ State 
37. Land 
38. Ktfcjiic group 
39. Nationality 





44 Ktknic group 
45. Rationality 
64. Do you generally wear 
a«De kind of a fringe 
or hat? 
65. Sate of the las t B U D 




Did I t affect ans ? 
fore-
head? 











r e l a t l T e s 
( i f any) 
at 
Site Locality Surname lane 
59. 
Do you often 








Do you often use some 
•un cream ... (then)? 
Do you hare any other 
creaE or make-up ... 
(now)? 
on the .... 









Whet eye colour, hair 
colour and akin colour 








dark .Bediui • f a i r 
(sunburnt) 
Table II.3-2. ftiestionnaire and teet sheet. 
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i n f o r m a t i o n was, however, o p t i o n a l , and i t was only 
attempted to c o l l e c t when the s u b j e c t confessed t o 
having a r e l a t i v e i n e i t h e r the place of the survey 
or at any o t h e r of the p r o j e c t e d p l a c e s . In connec-
t i o n w i t h q u e s t i o n no, 2 i s number 67, In q u e s t i o n 
no. 3, age was r e g i s t e r e d i n f u l l years. Question 
number 56 was r e s e r v e d f o r the r e s u l t of the c o l o u r 
b l i n d t e s t and need not concern us here, while 61 
was r e s e r v e d f o r m a r g i n a l o b s e r v a t i o n s , l i k e those 
c o n c e r n i n g the t e x t u r e of the s k i n of the s u b j e c t 
( f r e c k l e s , p i m p l e s , e t c . ) 
Questions number 8, 14, 23, 29, 38, 44 and 50. 
( e t h n i c g r o u p ) , t o g e t h e r w i t h " l a n d " and. " n a t i o n a l -
i t y " ( f i v e t i m es e a c h ) , p r o v i d e d some i n s i g h t i n t o 
the o r i g i n s of the s u b j e c t , and they were e s p e c i a l l y 
i n t e n d e d f o r those l i v i n g i n c o u n t r i e s l o d g i n g two 
or more d i f f e r e n t groups of people. The concept of 
e t h n i c group was n o t , however, e a s i l y understood. 
T h i s d i f f i c u l t y was overcome by l i s t i n g v e r b a l l y the 
e t h n i c groups e x p e c t a b l e i n each s i t u a t i o n ( f o r i n -
s t a n c e , S c o t t , Welsh, Basque, Swede, Lapp, e t c ) , 
so t h a t everybody c o u l d r e c o g n i z e h i s own case. 
Often the author was able t o check d i r e c t l y w i t h 
each s u b j e c t or group of s u b j e c t s the exactness of 
t h e i r answers. The p r o b a b i l i t y of f a i l u r e s of t h i s 
k i n d s i g n i f i c a n t l y a f f e c t i n g the outcome of the ex-
periment i s , t h e n , p r a c t i c a l l y n i l , p a r t i c u l a r l y 
s i nce no c o u n t r y w i t h a r e a l complex e t h n i c s t r u c -
t u r e i s --as such - r e p r e s e n t e d i n the samples. 
Questions 59, 60, 64 t o 66 convey i n f o r m a t i o n on 
the b e h a v i o u r a l aspects of p i g m e n t a t i o n , a s u b j e c t 
which -presumably because of i t s i n t r i c a c y and d i f -
f i c u l t q u a n t i f i c a t i o n - has commonly been d i s r e g a r d e d 
i n surveys of t h i s s o r t . An e n q u i r y was made i n t o the 
s u b j e c t ' s s u n b a t h i n g h a b i t s ( i n c l u d i n g the use of UU 
lamps), dates and degree of exposure to r a d i a t i o n . 
Question 63 d e a l s w i t h the s p e c i f i c matter of 
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mating p r e f e r e n c e s , a c c o r d i n g t o p i g m e n t a t i o n , of 
releva n c e i n v i r t u e of i t s p o t e n t i a l i n c idence on 
s e l e c t i o n . This q u e s t i o n e s p e c i a l l y was o f t e n met 
w i t h apprehension, even h o s t i l i t y , and some people 
b l a n k l y r e f u s e d t o answer i t , e v e n t u a l l y even the 
whole q u e s t i o n n a i r e , as a consequence. 
R e l i g i o n i s o f t e n a u s e f u l i n s t r u m e n t t o t r a c k 
down the e t h n i c o r i g i n of people. I t might, conse-
q u e n t l y , show a s s o c i a t i o n w i t h p i g m e n t a t i o n . Ques-
t i o n s 31 to 33 have been i n c l u d e d because of t h a t 
reason. Questions 16 t o 18 i n f o r m on socioeconomic 
s t a t u s . T h i s , l i k e r e l i g i o n , may show a s s o c i a t i o n s 
w i t h p i g m e n t a t i o n ( o f the same s o r t as those ex-
pected from e t h n i c g r o u p ) , or may r a t h e r be i n s t r u -
mental i n d e t e r m i n i n g p i g m e n t a t i o n . A l l t h i s i n f o r -
mation about r e l i g i o u s creed and socioeconomic s t a t u s 
would prove t o be of merely d e s c r i p t i v e i n t e r e s t . 
The s u b j e c t of the t e s t was expected to answer 
qu e s t i o n s 52 and 53 whenever he knew the answers. 
I n f o r m a t i o n c o n c e r n i n g ABO blood group system was 
int e n d e d t o be c o n t r a s t e d a g a i n s t the author's own 
r e s u l t s from s a l i v a , i n order t o g a i n an o r i e n t a t i v e 
i n s i g h t i n t o the r e l i a b i l i t y of the method. Regarding 
q u e s t i o n s number 54 and 55, s p e c i a l emphasis was 
put by the experimenter on e i t h e r h i m s e l f d i c t a t i n g 
the answers or c o n t r o l l i n g i t s accuracy, and the goal 
was n o r m a l l y achieved. Cases not f u l f i l l i n g t h a t r e -
quirement were l i s t e d out from the c a l c u l a t i o n s . Eye 
c o l o u r and h a i r c o l o u r were determined by the naked 
eye. However, since the emphasis here w i l l be placed 
on broad c a t e g o r i e s rather- than nuances, the e f f e c t 
of p o s s i b l e i n a c c u r a c i e s i n t r o d u c e d by the a f o r e s a i d 
procedure i s expected t o be n e g l i g i b l e . 
Question 62 has been r e s e r v e d f o r the r e s u l t s of 
the r e f l e c t a n c e t e s t , 
4) V a r i a b l e s and a n a l y s i s . 
The c a l c u l a t i o n s were performed at the Computer 
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U n i t of the U n i v e r s i t y of Durham, One of the e x i s t i n g 
s t a n d a r d programs, SPSS ( S t a t i s t i c a l Package f o r the 
S o c i a l Sciences) - w i t h i n the frame of the MTS oper-
a t i n g system - was used. 
The i n f o r m a t i o n c o n t a i n e d i n the q u e s t i o n n a i r e 
sheets was t r a n s f e r r e d t o punched cards and then f e d 
i n t o the computer. Before the a c t u a l processing of 
the d a t a , s e v e r a l checks were done i n order t o con-
t r o l t h e i r a c c u r a te t r a n s c r i p t i o n : one f o r each step 
( c o d i n g , t r a n s c r i p t i o n t o c a r d s ) and an a d d i t i o n a l 
one t o d e t e c t ' a b e r r a n t ' v a l u e s . The two f i r s t con-
t r o l s (some s e c t i o n s of the data were checked more 
than t w i c e ) were made by the naked eye. The l a s t one 
by means of a standard program f o r v a l i d a t i o n of 
d a t a , c a l l e d Datavet. L a s t among a l l p r e - p r o c e s s i n g 
steps was t o impose on the data a s u b f i l e s t r u c t u r e 
w i t h s i x main s u b f i l e s - Swe, Aswe, Spa, Aspa, Gb 
and Agb - and a number of l e s s i m p o r t a n t s u b f i l e s , 
among which York and Arhus are i n c l u d e d . Swe,. Spa .and 
Gb i n c l u d e people w i t h a l l t h e i r f o u r grandparents 
from Sweden, Spain and B r i t a i n r e s p e c t i v e l y . I n the 
l a s t case even those w i t h I r i s h grandparents were i n -
c l u d e d , s i n c e t h i s sample was a l r e a d y too s m a l l . 'A' 
stands f o r a d d i t i o n a l i n 'Aswe', 'Aspa' and 'Agb', 
si n c e a l l those s u b j e c t s w i t h one t o three autoch-
thonous g r a n d p a r e n t s have been i n c l u d e d here. 
A copy of the model s h e e t , on which the c o d i f i e d 
i n f o r m a t i o n was t r a n s c r i b e d , i s shown i n t a b l e I I . 3 - 3 
--where a l s o a l l primary v a r i a b l e s are i n t r o d u c e d . 
I n t a b l e 11,3-4 appear the v a r i a b l e s l i s t e d i n the 
same order they were coded. I t s f o u r t h column, under 
the l a b e l "columns", r e f e r s t o t a b l e I I . 3 - 3 f o r a 
c l o s e r look i n t o the n a t u r e and o r i g i n of the v a r -
i a b l e s . I n t o t a l , a hundred d i f f e r e n t primary v a r -
i a b l e s were d e f i n e d t h i s way, A number of v a r i a b l e 
t y p e s appear r e p e a t e d l y , once f o r the s u b j e c t him-
s e l f and once f o r each of the two or s i x immediate 
a n c e s t o r s . They have been numbered from zero t o s i x . 
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Table II.3-4. L i s t of primary T a r i a b l e e in the order they 
were presented to the cocputer. 
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Such i s the case of the v a r i a b l e s ioworkO t o iowork2' 
( i n d o o r s / o u t d o o r s work) and socecO to socec2 ( s o c i o -
economic s t a t u s ) . The i n f o r m a t i o n s t o r e d i n these two 
groups of v a r i a b l e s has been e x t r a c t e d from the 
answers to q u e s t i o n s 16 t o 18, 
The i n f o r m a t i o n o b t a i n e d through q u e s t i o n number 
64 gave o r i g i n t o v a r i a b l e h a t , w i t h two values: 0 
f o r - "no" and 1 f o r "yes". Although t h i s was usual 
c o d i n g s t r a t e g y , i t was l a t e r found p r a c t i c a l to 
c r e a t e a new v a r i a b l e , newhat, w i t h the complemen-
t a r y v a l u e s so t h a t , a l s o i n l i n e w i t h the r e g u l a r 
p r a c t i c e t h r o u g h o u t t h i s work, 0 would stand f o r • 
'no t a n n i n g b e h a v i o u r ' ( h a t = 1 ) and 1 would stand f o r 
' t a n n i n g b e h a v i o u r ' ( h a t = 0 ) . Questions 59 and 60 be-
came v a r i a b l e s s b o f t e n t o crfhnow, w h i l e v a r i a b l e s 
daygo and daygoex, t o g e t h e r w i t h h a b i t , I b a t h and 
e x i n b a t h , have t h e i r o r i g i n i n the s t r u c t u r e of 
q u e s t i o n s 59, 65 and 66. V a r i a b l e h a b i t r e f e r s to 
what area or areas-of the s k i n ( u i a , f h or both) 
the s u b j e c t of the experiment used t o expose to 
summer r a d i a t i o n . Whenever the answer t o q u e s t i o n 
59 was not s u f f i c i e n t l y i n f o r m a t i v e on t h a t r e s p e c t , 
i t was supposed t h a t the s u b j e c t ' s h a b i t u a l sun-
b a t h i n g behaviour i n c l u d e d exposure of both f o r e -
head and i n n e r arm, i f he/she was under 50/55, 
o t h e r w i s e o n l y the forehead ^ \ This means t h a t 
the maximum number of assumptions made wh i l e coding 
t h i s v a r i a b l e i s e q u a l to 1. I n a s i m i l a r way, I b a t h 
r e f e r s to the areas exposed d u r i n g the l a s t sunbathe. 
Here, two assumptions were found necessary: l ) e i t h e r 
the forehead or the forehead and the i n n e r arm were 
exposed, but never the i n n e r arm a l o n e , 2) whenever 
v a f r i a b l e I b a t h had unknown value ( m i s s i n g i n f o r m a t i o n ) 
T h i s age border should be accurate enough, at l e a s t 
f o r Sweden. I t i s perhaps somewhat h i g h . f o r B r i t a i n 
and f o r c e r t a i n s e c t o r s of the Spanish p o p u l a t i o n , but 
b o t h samples are almost devoid of o l d i n d i v i d u a l s . 
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i t was assumed t h a t only the forehead was exposed, 
i f the c l i m a t i c circumstances of the place f o r ex-
posure were not summer-like or v a r i a b l e age was 
50/55 or beyond, or t h a t forehead and i n n e r arm were 
exposed versus only forehead when the circumstances 
were summer-like and the age as above. Here the max-
imum number of assumptions made at any one time was 
a l s o 1, Exinbath aims at the p o s s i b l e e x i s t e n c e of a 
p r o l o n g e d , e x t r a i n t e n s i v e , l a t e exposure to r a d i a t i o n 
( s c o u t i n g , m i l i t a r y s e r v i c e , e t c ) , independent or not 
of the l a s t sunbathe, 'Late' was e x p l a i n e d as no 
l o n g e r than f o u r months. No more than 6 i n d i v i d u a l s , 
a l l o f them Spaniards, were i n t h a t s i t u a t i o n , 
Vyhen c o n s i d e r i n g the meaning of q u e s t i o n 65, es-
p e c i a l emphasis must be put on the p o s s i b i l i t y of the 
c o e x i s t e n c e of two d i f f e r e n t ' l a s t ' sunbathes, both 
of them i m p o r t a n t , depending on the area of the body 
under c o n s i d e r a t i o n : one d u r i n g summer and the o t h e r 
o f f - s e a s o n , the second one o f t e n a f f e c t i n g the f o r e -
head o n l y . I n t h a t way, v a r i a b l e daygo was taken t o 
r e p r e s e n t the p e r i o d elapsed since the l a s t summer 
exposure, w h i l e v a r i a b l e daygoex corresponds t o the 
time elapsed since the l a s t o f f - s e a s o n sunbathe. 
When the i n f o r m a t i o n about the date of the l a s t ex-, 
posure was m i s s i n g , i t was assumed t o corresoond to 
(1) 
the l a s t summer exposure. T h i s , i n t u r n , had at times 
t o be guessed , when the s u b j e c t was a f r e q u e n t ex-
p o s e r , ot h e r w i s e - w i t h m i s s i n g i n f o r m a t i o n - i t was 
c o n s i d e r e d unknown. The maximum amount of assumptions 
( 1 ) When the i n f o r m a t i o n was t o t a l l y m i s s i n g , dates of 
20th August, f o r a d u l t s , ' and 10th September, f o r 
c h i l d r e n . O f t e n , no exact date was g i v e n , i n s t e a d i t 
was r a t h e r vaguely r e f e r r e d t o some wider p e r i o d . I n 
those cases the f o l l o w i n g average dates were assumed; 
3une/3uly - 25th, August - 20th, September - 10th,end 
of ,,. (any month) - 25th, end of summer-time - 20th 
September ( B r i t a i n , Sweden) or 10th October ( S p a i n ) . 
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made here was 1 f o r daygo, and 2 f o r daygoex -
since t h i s v a r i a b l e drags w i t h i t s e l f a l l of daygo's 
assumptions. I n l i n e w i t h a l l t h i s , two new v a r i a b l e s 
r e s u l t e d , d aysuia and d a y s f h , c o r r e s p o n d i n g t o the 
time elapsed ( i n days) s i n c e the l a s t i n t a k e of UU 
r a d i a t i o n on the upper i n n e r arm and the forehead 
r e s p e c t i v e l y . The c o n v e r s i o n s t r a t e g y i s as f o l l o w s : 
76 IF (DAYGOLX EQ 0 AND LBATH EO 9 ) LBATH=0 
77 IF (OAYGOETX EQ 0 DtYSFH=DAYGO 
78 IF (DAYCOEX NE 0 1 DAYSFH=OAYCDEX 
79 IF (DSYGOEX EO 0 AND LBATH EO O) DAYSUIA=DAYCO 
80 IF (OAYGOEX EO 0 AND LBATH EQ 2) DAYSUIA=999 
81 IF (DAYCOEX NE • AND LBATH EQ 0) DAYSU1A=DAYG0EX 
82 IF (DAYGOEX NE 0 AND LBATH EO 2) DAYSUIArDAYGO 
83 IF (DAYCOEX NE 0 AND LBATH EQ 9 ) DAYSUIA=999 
The maximum amounts of assumptions made correspond 
t o those f o r daygo, daygoex and I b a t h i n l o g i c a l com-
b i n a t i o n , which makes a t o t a l o f 2 f o r daysfh and 3 
f o r d a y s u i a . 
The need f o r q u a n t i f y i n g i n some way the r a d i a t i o n 
i n t a k e s l e d t o the c r e a t i o n of t h r e e more v a r i a b l e s : 
u v o f t e n , h a b i t u and h a b i t f , U v o f ten was conceived as 
a t h r e e - l e v e l v a r i a b l e ( v a l u e s 0,1,2) by com p o s i t i o n 
of s b o f t e n and s l o f t e n i n t o one. I t merely c a t e g o r -
i s e s f r e q u e n c y o f exposure w i t h o u t r e f e r r i n g i t t o 
any p a r t i c u l a r b o d i l y r e g i o n . The maximum amount of 
assumptions made a t t h i s v a r i a b l e w i t h any case i s 1, 
51 I F SBOFTEN EQ 1 AND SLOFTEN EO l ) UVOFTEN^Z 
52 ir SBDFTEN EQ 1 AND SLOFTEN EQ 0 ) UVDFTEN=1 
53 I F SBOFTEN EO 6 AND SLOFTEN EQ 1 UU0rTEN=1 
54 I F SBOFTEN EQ 0 AND SLOFTEN EQ O) UUOFTEN=0 
55 I F (SBOFTEK EQ 0 AND SLOFTEN EQ 9 ) DR 
56 (SLOFTEN EQ 0 AND SBOFTEN EQ 9 ) ) UVOFTEN-O 
57 I F ((SBOFTEN EQ 1 AND SLOFTEN EQ 9 ) OR 
58 (SLDFTEN EQ 1 AND SBOFTEN EQ 9 ) ) UV0FTEN=1 
59 I F (SBOFTEN EQ 9 AND SLOFTEN EQ 9 ) UU0FTEN=9 
By b r i n g i n g v a r i a b l e h a b i t i n t o the p i c t u r e , h a b i t u 
and h a b i t f were produced, a l s o w i t h t h r e e c a t e g o r i e s . 
These r e p r e s e n t l e v e l s of exposure at the in n e r arm 
and the f o r e h e a d r e s p e c t i v e l y . The t r a n s f o r m a t i o n s 
are the f o l l o w i n g : 
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85 IF (HABIT EO 0 OR HABIT EQ l ) HAEI TU = U ' J C F T E N 
86 I f ( H f i E I T EO 2) HA9ITU=D 
87 ir HABIT EQ 9) HAB!TU=9 
ee IF (HflBIT 0 OR HABIT EQ 2) HA8ITFcUUOFTEN 
69 IF (HABIT EQ 1} HABITF=D 
90 IF (HABIT EO 9) HABITF=UVCFTEN 
Here v a r i a b l e s h a b i t and uu o f t e n determine the 
maximum number of assumptions made f o r h a b i t u and 
h a b i t f as a d d i t i v e c o n d i t i o n s of 0 and 1 uj i t h 0 and 
1, making a maximum of 2 f o r e i t h e r v a r i a b l e . 
A f i n a l s e t of secondary v a r i a b l e s , i n t e n d e d f o r 
f i t t i n g r e g r e s s i o n curves t o complex a s s o c i a t i o n s 
between v a r i a b l e s , ujas designed by making up a number 
of m a t h e m a t i c a l f u n c t i o n s of da y s u i a , daysfh and age: 
poiuers, i n v e r s e and l o g a r i t h m i c f u n c t i o n s . 
1»7 CC ! " J T £ CUl=t«'?SUI« , 
191 C O K ' J T E • rU5»5U?«E;o? 
l o j c c i r ^ ' j T t r F i « » * v s 5 h , 
1 0 ' C O I ' U T E 5r?=DArS'h««2 194 C O I ' - ' J T E 9t7 = ?n«BF? 195 CCfl'UTE r f ' = 5r2«»J 
T O * C ? * ' = * U T ^ 0 r 5 =t; f ?•!> F 
197 CCK;=UTE , 
199 CO>' = U T £ » ? = * G E » * t 
ICZ COI'SJT-- C.UIN = 1/5«V-fI« I " ! C O ' = UTi : fFI»<=1'0»YSFH 
7^2 cc>^'=•J•'^ 3 u i . o = L ' i o < o » T S u : « ) 
D u r i n g the course of survey i t luould e v e n t u a l l y 
come o u t t h a t some of the s u b j e c t s had l i v e d l o ng 
p e r i o d s of t h e i r l i v e s i n ot h e r c o u n t r i e s , under 
c l i m a t i c c o n d i t i o n s luhich c o u l d s i g n i f i c a n t l y d i f f e r • 
from those a t t h e i r p r e s e n t s o j o u r n - f o r i n s t a n c e , 
B r i t i s h people groujn up i n Eastern A f r i c a , That i n -
f o r m a t i o n luas r e g i s t e r e d i n the q u e s t i o n n a i r e (ques-
t i o n no. 6 l ) , and s t o r e d i n two more v a r i a b l e s --
cores and l a n d r e s (county and land of past r e s i d e n c e ) . 
Houjever, s i n c e o n l y extremely feu; cases u/ere d e t e c t e d , 
no e s p e c i a l use ujas made of i t . 
For v a r i a b l e s eye and h a i r - c o l o u r of eyes and 
h a i r ( c o r r e s p o n d i n g t o q u e s t i o n s 54 and 55) - tuio 
d i f f e r e n t c a t e g o r i z a t i o n c r i t e r i a have been a p p l i e d . 
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For f i n e r ' a n a l y s i s purposes s e v e r a l of the c a t e -
g o r i e s i n the f i r s t system have merged t o g e t h e r , 
p r o d u c i n g a second one w i t h b a s i c a l l y f o u r sub-
d i v i s i o n s : l i g h t ( i n c l u d i n g a l b i n o ) , medium, dark 
and very d a r k . I n a s i m i l a r f a s h i o n , the i n f o r m a -
t i o n about mating p r e f e r e n c e s ( q u e s t i o n no. 63) 
s t o r e d i n v a r i a b l e s mateye, m a t h a i r and m a t s k i n u/as 
r e f e r r e d t o t h r e e d i f f e r e n t l y pigmented phenotypes: 
l i g h t , medium and dark. The n a t u r e of the c a t e g o r i e s 
will be examined i n more d e t a i l i n another s e c t i o n . 
The l a s t v a r i a b l e , accy ( a c c u r a c y ) , has t o do l u i t h 
the t o t a l maximum of u n r e l a t e d assumptions per case 
made lu h i l e c o d i ng v a r i a b l e s h a b i t , I b a t h , daygo and 
daygoex. That number i s 4, uihich corresponds t o a 
f i g u r e of 5 f o r the set h a b i t u , h a b i t f , daysuia and 
d a y s f h --as compared t o t h e i r t h e o r e t i c a l f i g u r e s of 
5 and 9. 
A complete s e l e c t i o n of cases from the Siuedish, 
Spanish and B r i t i s h samples — u i i t h l i s t u J i s e d e l e t i o n 
of m i s s i n g v a l u e s and a t l e a s t t h r e e autochthonous 
g r a n d p a r e n t s as admission r e q u i r e m e n t - - produced the 
f o l l o i u i n g d i s t r i b u t i o n o f cases ( t a b l e 11,3-5), uihere 
none of the f i r s t f o u r a f o r e m e n t i o n e d ( h a b i t , I b a t h , 
daygo, daygoex) had an unknown v a l u e : 
Ko. Of BssuDptior.a 
Subfilee K 0 1 ? J 
Swe+Aewe 561 4=0 I? 29 ?3 
Spa+iBpa 15e 140 5 9 4 
Gb-^ -Jl^ l 76 70 5 ? 5 
Table I I . V ? . I > i 8 t r i b u t i o r ; of cases accoriinp t o r.uzber of BBBUEptions 
for TariablCE habit, Ibath, daygo and daygoei. 
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144 cases among the Smedes, 49 among the Spaniards 
and 9 among the B r i t i s h tuere m i s s i n g cases, because 
of one or more v a r i a b l e s l u i t h unknown values per case, 
•No cases u/ith Four assumptions appear i n the d i s t r i -
b u t i o n since t h a t s i t u a t i o n , meaning no ansiuers t o 
q u e s t i o n s 59 and 65, undermines the luhole b a s i s f o r 
guessing and the case a u t o m a t i c a l l y becomes a missing 
one. 
V a r i a b l e s blood and b l i n d s t o r e i n f o r m a t i o n about 
the r e s u l t s of the s a l i v a (blood group) and c o l o u r 
b l i n d n e s s t e s t s , the second of u/hich l u i l l not at a l l 
be d e a l t l u i t h i n t h i s u/ork. 
V a r i a b l e s co t o n a t l , numbered from 0 t o 6, i n f o r m 
about the g e o g r a p h i c a l and e t h n i c a l r o o t s of the i n -
d i v i d u a l and of t h e i r immediate a n c e s t o r s . Based on 
those v a r i a b l e s are gplandsk, r e i n o and ethnos 
— s e c o n d a r i l y designed i n order t o study the geo-
c 
g r a p h i c a l d i v e r s i t y of p i g m e n t a t i o n among the Su/edes, 
the Spaniards and the B r i t i s h r e s p e c t i v e l y . They 
i d e n t i f y the r e g i o n or e t h n i c group i n t o ujhich at 
l e a s t t h r e e of the grandparents belonged. In the 
case of the Spaniards and the B r i t i s h , m i t h smaller 
sample s i z e s , i n f o r m a t i o n about the g e o g r a p h i c a l or 
e t h n i c a l a f f i l i a t i o n s of the gra n d p a r e n t s can be r e -
pl a c e d by t h a t c o n c e r n i n g both p a r e n t s . A c l o s e r look 
at the nat u r e of the r e g i o n a l p a r t i t i o n i n g l u i l l be 
postponed u n t i l l a t e r . 
F i n a l l y , v a r i a b l e s f a t h n o and mothno have t h e i r 
o r i g i n i n the ansiuer t o q u e s t i o n 67, uihich - - a f t e r 
c o d i f i c a t i o n - - was t r a n s f o r m e d i n t o an e i g h t - d i g i t 
number, t h a t --depending on the n a t u r e and p o s i t i o n 
of 2 or 3 b l o c k s of c i p h e r s l u i t h i n i t - - i n f o r m s about 
the i d e n t i t i e s of any p o s s i b l e r e l a t i v e s and the de-
gree of c o n s a n g u i n i t y . E i g h t - z e r o e d v a l u e s --meaning 
no d e t e c t e d blood r e l a t i v e s l e f t i n the sample — 
q u a l i f y a case f o r admission i n t o the s u b f i l e , w h i l e 
a l l o t h e r r e l a t i v e s e l i m i n a t e d at random would be 
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r e f e r r e d t o the s e l e c t e d i d e n t i f i c a t i o n nutnber of 
the s e l s c t e d case ( i d ) . 
For the sake of s i m p l i c i t y , v a r i a b l e s sy-.-^et-
r i c a l l y r e p r e s e n t e d at b o t h s i t e s , the inner arm 
and the f o r e h e a d , u i i l l o f t e n be r e f e r r e d to i n common 
as h a b i t - , c c ^ or c i x i o u j . 
Merely f o r purposes o f s i m p l i f i c a t i o n , a i l these 
v a r i a b l e s can be c l a s s i f i e d i n t o the f o l l o i i j i n n 
groups: 
1. I d e n t i f i c a t i o n v a r i a b l e s : i d (case n o . ) , cdno 
( c a r d n o , ) , sax, age ( = A l ) , A2, A3, 
2. Access ( f a t h n o , mothno) and accuracy (accy) v a r i -
a b l e s , 
3. L o c a t i o n v a r i a b l e s : l o c ( l o c a l i t y ) , sect ( i . e . 
school s a c t i o n ) , s i t a ( i . a , s c h o o l ) . 
Socioeconomic v a r i a b l a s : ioujorkO t o ioujork2, 
socecO t o socac2, c r e d o , 
5. B e h a v i o u r a l ( r a d i a t i o n i n t a k e ) v a r i a b l e s : 
a. Exposure v y a r i a b l e s t h a b i t , I b a t h , e x i n b a t h j 
sboften,, s l o f t a n , u v o f t a n ^ h a b i t u , h a b i t f ; 
c r u i a ^ c r f h , c r u i a n o m ^ crfhnou/, h a t ; dul t o 
- bm TimSf v a r i a b l e s : daygo, daygoex, daysuia, daysThj 
d u t t o du5^ d f l t o dP5| d u i n , d f i n j d u l g , d f l g , 
. 6, M a t i n g p r a f a r a n c e v a r i a b l e s : mateye, mathair, 
mat s k i n , 
T»! G e o g r a p h i c a l v a r i a b l e s : coQ t o co6, ragO t o rag6, 
/ -landO t o land6> groupO t o group6, natlQ t o n a t l 6 j 
- c o r e s , landras;^ g p l a n d s k , r e i n o , ethnos, 
8V Genetic v a r i a b l e s : u i a 1 t o u i a 9 , f h l t o f h 9 ; 
eye, h a i r , t a l l , b l o o d , b l i n d . 
Summary A survey combining t e s t s oF p i g m e n t a t i o n and s a l i v a 
mas planned and c a r r i e d o u t i n t h r e e c o u n t r i s s : Siuedan, 
Spain ancj B r i t a i n , The methodology, the q u e s t i o n n a i r e 
and the n a t u r e of the v a r i a b l e s have been i n t r o d u c e d , 
and r e f e r a n c a has been made t o the p o s s i b l e c o m p l i -
c a t i o n s a r i s i n g Prom t h e use of t h r e e -perhaps f o u r -
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d i f f e r e n t s p e c t r o p h o t o m e t e r s . Most data i n t h i s r e -
search a r e , however, the outcome of one s i n g l e spec-
t r o p h o t o m e t e r . S e veral assumptions were found neces-
sary f o r some v a r i a b l e s i n order t o prevent them 
from h e a v i l y r e d u c i n g the s i z e of the samples, and 
the l o g i c s of the process was exposed i n some d e t a i l . 
A c l a s s i f i c a t i o n of the variable's f o r p r a c t i c a l 
purposes was proposed. 
CHAPTER I I I 
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I I I . 1 . P r e l i m i n a r y r e s u l t s . 
Tables B.I and B.2 show soma elementary s t a t i s t i c s 
f o r the Swedish,- Spanish and B r i t i s h samples. Means 
and s t a n d a r d d e v i a t i o n s w i l l o f t e n enough p l a y an 
i m p o r t a n t r o l e i n s t a t i s t i c a l analyses i n t h i s r e -
search, consequently no comment w i l l be made about 
them at t h i s stage. I n s t e a d , the F u l f i l m e n t of the 
homogeneity c r i t e r i o n by the v a r i a n c e s w i l l be d e a l t 
w i t h when the occasion comes. The n o r m a l i t y c r i t e r i o n , 
however, i s d i r e c t l y l i n k e d t o the f i g u r e s f o r skew-
ness and k u r t o s i s and t h e i r g e n e r a l s u i t a b i l i t y w i l l 
be s u c c i n c t l y reviewed i n t h i s s e c t i o n . 
I t i s one of the r e q u i r e m e n t s t o s a t i s f y when 
using p a r a m e t r i c s t a t i s t i c s t h a t the d i s t r i b u t i o n 
of scores i n the p o p u l a t i o n be normal or t h a t , o t h e r -
w i s e , sample s i z e s be b i g . Any of these two c o n d i -
t i o n s a u t o m a t i c a l l y guarantees.the n o r m a l i t y of the 
sampling d i s t r i b u t i o n of means. Thus, when c o n s i d e r i n g 
f u l f i l m e n t of the n o r m a l i t y c r i t e r i o n , i t i s l i c i t t o 
d i s r e g a r d the c h a r a c t e r of the p o p u l a t i o n i f sample 
s i z e s are b i g . The c h a r a c t e r of the d i s t r i b u t i o n of 
scores i s , however, of c r u c i a l importance when sample 
s i z e s are s m a l l . U n f o r t u n a t e l y , the c h a r a c t e r of the 
p o p u l a t i o n i s r a r e l y known, and - s i n c e i t has t o be 
s t u d i e d t h r o u g h the samples and s m a l l ones c o n s t i t u t e 
a poor r e p r e s e n t a t i o n of the p a r e n t a l p o p u l a t i o n -
the s t a t i s t i c i a n f i n d s h i m s e l f d e p r i v e d of h i s o n l y 
means of e x p l o r i n g the s t r u c t u r e of the p o p u l a t i o n , 
p r e c i s e l y when he needs i t most. S t i l l , at times 
t h e r e are c o m p e l l i n g reasons f o r s u s p e c t i n g normal 
d i s t r i b u t i o n of the scores; w h i l e on other occasions 
no very good reasons can be advanced f o r the popula-
t i o n not t o be normal, and so i t i s assumed t h a t t o 
be the case (Hays, 1981), even w i t h o u t enough e v i -
dence t o support the assumption. I n the present r e -
search i t w i l l be shown t h a t the f i r s t a l t e r n a t i v e 
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f u l l y a p p l i e s t o the minor s u b d i v i s i o n s of the 
samples -once proved t h a t the samples themselves 
f u l f i l the n o r m a l i t y c r i t e r i o n f o r most of the 
f i l t e r s - since t h e r e i s no apparent reason f o r the 
p o p u l a t i o n t o be normal a t one l e v e l but not at the 
o t h e r . The same l i n e of thought can presumably be 
a p p l i e d t r a n s v e r s a l y as u j e l l , s i n c e t h e r e i s no ap-
p a r e n t reason f o r the p o p u l a t i o n t o be normal f o r 
r e a d i n g s at a l l f i l t e r s but one or tujo. Under those 
c i r c u m s t a n c e s , i t seems reasonable t o a t t r i b u t e any 
d e p a r t u r e from n o r m a l i t y at the sample l e v e l merely 
t o the mechanics of random sampling. 
Since a n a l y s i s of v a r i a n c e and c e r t a i n a p p l i c a -
t i o n s of r e g r e s s i o n a n a l y s i s - - t h e p a r a m e t r i c methods 
most e x t e n s i v e l y used i n t h i s uiork-- r e q u i r e the f u l -
f i l m e n t of the n o r m a l i t y c r i t e r i o n even w i t h i n each 
of the t r e a t m e n t p o p u l a t i o n s , the composite samples 
have been s u b d i v i d e d f o r study i n t o f o u r subssamples, 
a c c o r d i n g t o the p o s s i b l e c o m b i n a t i o n s of the c a t e -
g o r i e s of v a r i a b l e s h a b i t s and CD-. Indeed, t h i s sub-
d i v i s i o n does n o t reproduce the s m a l l e s t p o s s i b l e 
c e l l s which w i l l a r i s e d u r i n g the course of the ana-
l y s e s , since o t h e r v a r i a b l e s w i l l be i n v o l v e d as 
w e l l , but f u r t h e r p a r t i t i o n i n g would o r i g i n a t e too 
s m a l l subsamples and, c o n s e q u e n t l y , reduce represen-
t a t i v e n e s s . Thus, as mentioned b e f o r e , i t w i l l be 
assumed — i f the c r i t e r i o n of n o r m a l i t y i s f u l f i l l e d 
by the samples and the subsamples at most of the 
f i l t e r s - - t h a t the p o p u l a t i o n s or s e c t i o n s of the 
p o p u l a t i o n s from which they were e x t r a c t e d are also 
n o rmal, any p o s s i b l e d e v i a t i o n from n o r m a l i t y being 
due merely t o chance. 
Among the a u t h o r ' s d a t a , gross d e p a r t u r e s from 
n o r m a l i t y -as c l a s s i f i e d i n t a b l e s B.I and 8,2- are 
few and n o r m a l l y r e s t r i c t e d t o the l a s t f i l t e r s . For 
the 'pure' s u b f i l e s (Swe, Spa and Gb), two f i l t e r s 
among the Swedish males, f o u r among the Swedish 
females and one among the Spanish females — c o n s i d e -
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r i n g i n n e r arm and for e h e a d - - p r e s e n t e i t h e r d e v i a n t 
skewness or k u r t o s i s or bo t h . For the composite sub-
( l ) 
f i l e s two among the Swedish Females and one among 
the Spanish males are i n a s i m i l a r s i t u a t i o n . SubFiie 
York -where only measurements on the in n e r arm were 
t a k e n - p r e s e n t s a t every f i l t e r gross d e p a r t u r e s from 
n o r m a l i t y f o r males, but only agreement w i t h the r e -
quirement f o r females. This p e c u l i a r s i t u a t i o n i s 
p o s s i b l y due t o the impact of age on p i g m e n t a t i o n , 
s i n c e the male group i s c o n s t i t u t e d e x c l u s i v e l y by a 
group of c h i l d r e n and adole s c e n t s aged 10 to 18 and 
by t h e i r f a t h e r s ( w i t h no i n t e r m e d i a t e ages i n be-
tw e e n ) , w h i l e the females are only the c h i l d r e n ' s 
mothers. The si g n s of skewness f i g u r e s r e i n f o r c e the 
c r e d i b i l i t y of t h i s i n t e r p r e t a t i o n . 
Some au t h o r s a r e , indeed, s k e p t i c a l about the 
wisdom of computing the skewness and k u r t o s i s f i g -
u r es f o r s m a l l samples, and Mc Wemar (1959) g i v e s 
the value of hundred as d e f i n i n g the b o r d e r l i n e be-
tween s m a l l and b i g samples i n t h i s c o n t e x t . Yet, i n 
the absence of a p e r f e c t a l t e r n a t i v e , skewness and 
k u r t o s i s have been c a l c u l a t e d and used as shown above. 
The s i z e s of some of the subsamples, however, are 
s m a l l e r than any t a b u l a t e d v a l u e , and t h i s s i t u a t i o n 
p r e s e n t s a problem. There, i n the absence' of evidence 
t o t h e c o n t r a r y , i t was con s i d e r e d t h a t the c r i t e r i o n 
of n o r m a l i t y was s a t i s f i e d whenever the e s t i m a t e d 
v a l u e d i d not exceed the t a b u l a t e d value c o r r e s -
ponding t o the c l o s e s t N, Otherwise the q u e s t i o n 
was l e f t open. 
( i ) ' These are Swe+Aswe, Spa+Aspa and Gb+Agb. Only those 
cases w i t h a t l e a s t t h r e e autochthonous grandparents 
are i n c l u d e d i n them. 
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111,2, The s t r u c t u r e of the samples. 
Unless o t h e r w i s e p o i n t e d o u t , only i n d i v i d u a l s 
w i t h t h r e e i n d i g e n o u s grandparents w i l l be i n c l u d e d 
i n Aswe, Aspa and Agb ( b r i e f l y , a 3 / 4 - c r i t e r i o n of 
' p u r i t y ' ) . However, since the i n f o r m a t i o n compiled i n 
the v a r i a b l e s i n t r o d u c e d i n t h i s s e c t i o n i s much 
l e s s abundant than t h a t on r e f l e c t o p h o t o m e t r i c 
r e a d i n g s , the a p p l i c a t i o n of the 3 / 4 - c r i t e r i a here 
would produce a major r e d u c t i o n i n the number of 
v a l i d cases. With t h a t subsequent l o s s of represen-
t a t i v e n e s s our chances of f i n d i n g the r e a l n ature of 
the i n t e r - r e l a t i o n s h i p s between v a r i a b l e s d i m i n i s h 
as w e l l . Besides, the n a t u r e of these v a r i a b l e s i s 
not such t h a t a s i g n i f i c a n t change i n s t a t i s t i c a l 
v a l u e i s l i k e l y t o r e s u l t , and a 2 / 4 - c r i t e r i o n of 
• p u r i t y ' (two or t h r e e indigenous grandparents) has 
t e n t a t i v e l y been i n t r o d u c e d here. I t w i l l be shown 
t h a t no s i g n i f i c a n t s h i f t from the f r e q u e n c i e s 
w i t h i n the 'pure' g r o u p i n g s i s caused by the a d d i -
t i o n of the c o r r e s p o n d i n g 2/4-groups. The v a r i a b l e s 
i n t r o d u c e d here are sex and age, socioeconomic 
f a c t o r s , some of the 'somatic' v a r i a b l e s ( t a l l , eye 
and h a i r ) and most of the r a d i a t i o n i n t a k e v a r i a b l e s . 
The v a r i a b l e s are shown g r a p h i c a l l y i n f i g . A,1, 
1 ) Sex 
Grouping t o g e t h e r b o t h k i n d s -pure and semipure-
the combined samples p r e s e n t the f o l l o w i n g sex-
x a t i o s : 67.437 (Swedes), 94,615 (Spaniards) and 
88.462 ( B r i t i s h ) , The f i g u r e s f o r t h e i r r e s p e c t i v e 
p o p u l a t i o n s are 98.912, 95.363 and 94.363 respec-
t i v e l y , 
2) Age 
Combining b o t h sexes and both k i n d s , some 60 per 
c e n t of Swedes are between f i f t e e n and twenty years 
o l d , w h i l e the r e s t . i s not too unevenly d i s t r i b u t e d 
between ages f o u r and seventy f i v e . Around 73 per 
cent of the Spaniards are between twenty and twenty 
f i v e years o l d , w h i l e 16 per cent are between f i f t e e n 
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and t w e n t y ; none i s younger than seventeen and very 
few are o l d e r than f o r t y . The ages of the B r i t i s h 
are more c o n c e n t r a t e d : 85 per c e n t are between 
f i f t e e n and twenty f i v e , none i s younger than 
e i g h t e e n and p r a c t i c a l l y none i s o l d e r than t h i r t y 
f i v e . The d i s t r i b u t i o n of f r e q u e n c i e s i n each case 
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Table I I I . 2 - 1 . Age (frequency d i s t r i b u t i o n s ) . 












With the e x c e p t i o n of the combined B r i t i s h 
samples, w i t h i n which a n o n - n e g l i g i b l e amount of 
C a t h o l i c s and some Dews were p r e s e n t , the o t h e r 
samples d i s p l a y e d n e a r l y t o t a l homogeneity of r e -
l i g i o u s c r e e d , the o n l y e x c e p t i o n being c o n t r i b u t e d 
i n t h e Swedish case by 'non-pure' Swedes. 
4) SocecO 
Around 75 per c e n t o f t h e Swedes, 90 per cent 
of t h e Spaniards and BO per cent o f Ahe B r i t i s h 
b elong t o s o c i a l c l a s s M i l l , c o n s t i t u t e d by people 
w i t h o u t a r e g u l a r income of t h e i r own ( i , e , s t u -
d e n t s and housewives). Apart from t h i s , the Swedes 
p r e s e n t the wi d e s t r a n g i n g gamut of s o c i a l s t r a t a , 
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w h i l e among Spaniards only the lower and middle 
c l a s s e s are r e p r e s e n t e d and p r a c t c a l l y o n ly the 
middle c l a s s among the B r i t i s h ( t h e few e x c e p t i o n s 
e n t i r e l y due t o non-'pure' B r i t i s h ) , This i s p r e -
sumably a r e f l e c t i o n of the f a c t t h a t most of the 
Spanish and B r i t i s h s u b j e c t s were U n i v e r s i t y s t u -
d e n t s , the p a t t e r n may however change,to a g r e a t 
e x t e n t a f t e r r e c o n v e r s i o n of a l l V I I I - c l a s s e d sub-
j e c t s t o o t h e r s t r a t a according t o t h e i r p a r e n t s ' 
or husbands' incomes. 
I n o r d e r t o make the th r e e socioeconomic s t r u c -
t u r e s comparable, they have been d i v i d e d i n t o t h r e e 
d i f f e r e n t c l a s s e s (upper, middle and l o w e r ) p l u s one 
independent s t r a t u m , V I I I , The c l a s s e s are a l s o sub-
d i v i d e d i n s t r a t a - I t o U I I ( I h i g h e s t ) - , - o f which 
I I I t o U c o n s t i t u t e the middle c l a s s . Because of 
t h i s , w h i l e the s t r a t u s - d i v i s i o n of a b a s i c a l l y con-
t i n u o u s v a r i a b l e i s a v a l i d one, the subsequent 
c l a s s - d i v i s i o n may not e x a c t l y correspond t o t h a t 
adopted i n each c o u n t r y . This need not however t o 
concern us. 
5) lowork 
I n an e x t r e m e l y s m a l l percentage of cases those 
t e s t e d were, d u r i n g c h i l d h o o d , very l i k e l y t o have 
been s u b j e c t t o prolonged and r e g u l a r exposure t o 
weather and r a d i a t i o n , due t o t h e i r p a r e n t s ' work 
( e . g . f a r m i n g ) . This circumstance deserves c o n s i d e r -
a t i o n s i n c e i t can even lead t o a c e r t a i n degree of 
a c a n t h o s i s and permanent tan of the s k i n ( P i e r s , 1948) 
whic h , when o p t i m a l , under e x p e r i m e n t a l c o n d i t i o n s 
has been shown t o a l l o w a 4 0 - f o l d longer sun expo-
sure w i t h o u t p r o d u c i n g sunburn (Jung, 1975). 
Among Swedish males t h e r e was an even s m a l l e r 
percentage of s u b j e c t s who worked o u t d o o r s . 
6) T a l l 
I n f o r m a t i o n about the h e i g h t of the t e s t e e s was 
s t o r e d i n v a r i a b l e t a l l . A p p l i c a t i o n of the n o r m a l i t y 
c r i t e r i a , when a p p r o p r i a t e , d i d not i n g e n e r a l r e v e a l 
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s i g n i f i c a n t d e p a r t u r e s from n o r m a l i t y ( t a b l e 111,2-2), 
<S Sve 2 (< Spa 5 d" Gb 5 
1.805 1.664 1.744 1 . 6 1 7 U 7 6 3 1.628 nean 
0.258 0.053 0.066 0.065 0 . 0 5 1 0.068 s t . dev. 
0.072 -0.578 1.529 + - 1 .398 -0.590 kurt. 
0.094 0.031 0,628 + 0.034 -0.095 skew. 
226 368 100 m 30 42 B 
<5 i s v e 5 Asps J <S igt 5 
1.7°'^ 1.669 1.739 1.645 1 . 7 7 3 1.5<}0 mean 
0.062 0.058 0.04; 0.nf^4 0,052 0,066 s t . dev. 
-0 .197 0,S?21 -1.431 0.846 -0.271 0.759 kurt. 
- 0 .430 0 .64C -0.063 0.872 0.550 0.53C skew, 
45 li • 19 U 12 6 N 
Table I I I . 2 - 2 . T a l l (frequency d i s t r i b u t i o n s ) . 
K u r t o s i s f i g u r e s are ref e r r e d to eero. 
The 3ipr: + i n d i c a t e s departure froo .nomailty. 
Sone sanples were too amall f o r conparison with the tabulated 
values ^ k u r t o s i s , skewness) to be r e l i a h l e . 
A p r e l i m i n a r y a n a l y s i s of v a r i a n c e f o r the s i x 
male sub-samples f a i l s t o r e v e a l any s t a t i s t i c a l s i g -
n i f i c a n c e a t the 0^05 l e v e l ( t a b l e 111,2-3). A s i m i l a r 
a n a l y s i s f o r the f e m a l e s , however, shows s i g n i f i c a n c e 
a t t h e 0,001 l e v e l . The a p p l i c a t i o n of two b a t t e r i e s 
of p o s t hoc comparisons, one t o each sex, by the 
s c h e f f d method (Hays, 1981) t o the composite Swedish, 
Spanish and B r i t i s h samples s t i l l f a i l s t o show s i g -
n i f i c a n c e among males, whereas Swedish females d i f f e r 
s i g n i f i c a n t l y from both Spanish and B r i t i s h females 
at the 0.001 l e v e l but the two l a s t groups are not 
s i g n i f i c a n t l y d i f f e r e n t from each o t h e r at even the 
0,05 l e v e l . The reason f o r the appearance of non-
s i g n i f i c a n c e among males seems t o be the r e l a t i v e l y 
g r e a t s i z e of male Swe's v a r i a n c e which i n f l a t e s the 
SS - t e r m i n t e r v e n i n g i n both k i n d s of t e s t s , p l u s the 
f a c t t h a t t h e S c h e f f ^ method i s a r e l a t i v e l y conser-
v a t i v e one. Indeed, male Swe's v a r i a n c e i s not homo-
geneous w i t h t h e o t h e r f i v e though they are among 
themselves. Among females a l l s i x v a r i a n c e s are homo-
geneous. A p p l i c a t i o n of the t - t e s t - w i t h the p e r t i n e n t 
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1.805 0.066 1.664 0,003 1.795 0.00* 1.669 0.003 
1.803 0.056 1.665 a' 0.003 
1.744 0.004 1.617 0.004 
0.004 1.739 0.002 1.645 
Spa + iapa 1.743 0.004 1.625 
1.763 0.003 1.62a 
1.590 1.773 0.003 
1.766 0,003 1.623 




n = 440 
111 
42 





'= 0,005 n = 48 
Partlett's P =77.863 df = 1 p O.OOt + 
(Swe.Aave) 
P = 3.994 df = 4 p = 0.406 
( a l l but Swedea) 
P = 9.152 df = 5 p = 0.105 
t-test 
(or z) 
Swe-Aswe z - 0.520 p = 0.603 
Spa-Aspa t = 0.329 p = 0.760 
df=117 
Gb-Agb t = 0,535 p = 0.600 
df=40 
Swe-Aswe z = 0,657 0.511 
Spa-Aspa t = 2,44'4 p = 0.016 
df=151 




SS df HS P p 
0.3179 5 0.064 1.739 0.050 




\ / 5 T P = 0.866 (O.OOl) 
* = 0.743 (O.OlO) 
= 0.636 (0.050) 
SwwSp H = 0.546 <\r5^5;^ 
SW-BP R = 0.223 




S»-BP t = 2.219 
df=311 
Sp-Er t = 2.244 
df=58 
0.050 " 
p < 0.00> + 
p B 0.028 -f 
p » 0.032 • 
SS df l!S P p 
0.2591 5 0.051 15.319 0.001 + 
2.148 635 0.003 
' ' l - *2 
2.148 , 1 ^ 1 . 





'= 0,263 (0.001) 
= 0.226 (0,010) 
= 0.193 (0.050) 
R = 0.426 >\/5.Pj,_oo, * 
R = 0.276 >\/5.P, 
R = 0.012 <\/5.P, 
0.001 
0,050 
Table I I I . 2 - 3 . Conpariaons between aa-nplea. 
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c o r r e c t i o n f o r df whenever r e q u i r e d ( t a b l e I I I . 2 - 3 ) -
r e v e a l s s i g n i f i c a n c e , f o r males, between combined 
Swedes and Spaniards a t b e t t e r than the 0.001 l e v e l , 
but o n l y a t 0.028 and 0.032 f o r Swe d e s - B r i t i s h and 
S p a n i a r d s - B r i t i s h r e s p e c t i v e l y . 
A l l s t a t i s t i c a l d i f f e r e n c e s between the 'pure' 
groups and t h e i r c o r r e s p o n d i n g 2/4-groupings are f a r 
from s i g n i f i c a n t , except among Spanish females 
(p=0,016). Some of the Spanish and B r i t i s h samples 
are s m a l l but t h e i r score d i s t r i b u t i o n s do not d e p a r t 
from n o r m a l i t y ( o n l y two of the b i g samples do) and 
the homogeneity of v a r i a n c e s c o n d i t i o n d i d not have 
t o be v i o l a t e d here, f o r which reasons the r e s u l t s 
of the z and t t e s t s are t o t a l l y r e l i a b l e (Hays, 
1981), The mean s t a t u r e s i n metres f o r the combined 
Swedes, Spaniards and B r i t i s h are r e s p e c t i v e l y : 
1.803 (s^=0.Q56), 1.743 (s^=0,QQ4) and 1.766 (s^= 
0.003) f o r males, and 1.665 (s^=0.003), 1.625 (s^= 
0,004) and 1,623 (s^= 0,005) f o r females. I t would 
be wrong, however, a t l e a s t i n the case of B r i t i s h 
and S p a n i a r d s , t o t r y t o p r e d i c t p o p u l a t i o n s t a t -
i s t i c s from these f i g u r e s since s t u d e n t s are every-
where n o r m a l l y t a l l e r than t h e i r c o u n t e r p a r t s . This 
may perhaps be e s p e c i a l l y t r u e of Spain, where the 
advent of the l i v i n g c o n d i t i o n s r e p u t e d l y a s s o c i a t e d 
t o t h i s g e n e r a t i o n a l i n c r e a s e i n h e i g h t i s both l e s s 
g e n e r a l i z e d and more r e c e n t than i n e i t h e r Sweden or 
Great B r i t a i n , 
7) Eye 
None of the Swedish, Spanish or B r i t i s h sub-samples, 
w i t h i n each sex, showed s i g n i f i c a n t d i f f e r e n c e s w i t h 
r e s p e c t t o t h e i r c o u n t e r p a r t s , f o r which reason they 
have been re-grouped i n t o combined Swedes, Spaniards 
and B r i t i s h ( t a b l e 111,2-4), In order t o be able t o 
2 
r e l y on the x - t e s t some r e - g r o u p i n g of c a t e g o r i e s 
was necessary f o r Spaniards and B r i t i s h (mixed and 
l i g h t eyes t o g e t h e r ) . 
Swe -f Aswe 
1 t 7 B 1 t >0 V9 4-* 
4 to t so IB m Ki t u 1 14S 1 
1 9 1 11 4 60 n to 0 M « 
5 s 41 n t io J1S 1 T5 54 1 179 1 
f » 1 
•1 
z ' . ( .060 
p . O.SW 
41 
'4 
I T $9| M 31 591 45 81 
55 10 «8 65 t67 47! 
»• - 1,897 
D . 0.587 
»• . B.55* 
f m 0.8(1 
1 13 K V5 4-5 
0 1?1 4< 0 I I I 5 
1 » 7 0 48 1 
J78 
1 146 49 e KO 
i " - o.r7o 




Spa + Aspa 
Gb -I- i « b 
1 t 3 ( 7 8 1 t 23 90 5-5 4-5 
15 53 15 15 5 3 104 n 67 I '1 * 2 « 104 
5 10 2 J 0 1 19 5 10 • e 0 19 
IB 63 17 ie 5 4 123 27 77 17 0 2 0 123 
x ' - 0.000 
f . 0 .99° 
« • • 0.152 
t . 0.700 
1 2 9 6 7 e 1 2 25 30 5-5 4-5 
17 57 11 21 2 8 116 16 81 17 0 2 8 116 
1 7 1 1 0 4 14 2 to 2 s e 0 14 
18 64 12 22 2 12 150 18 91 19 e. 2 0 150 
« ' • 0.058 
p • 0.S40 
X • 0.054 
p • 0.860 
25 SO V5 4-5 
0 7 1 5 6 16 35 « 24 5 1 S • 
0 4 .5 2 0 4 IS 0 n 0 1 1 0 




. 2.494 x' - 0.090 
f . 0.120 p - 0.760 
<U2*3) (1*2) 
. 0.218 
f . 0.650 
1 2 3 6 7 8 
4 11 6 8 4 15 
0 1 1 2 1 1 
4 12 7 10 5 14 
1 2 25 K $7* 4-5 
0 50 9 S 4 0 46 
0 3 1 1 1 e 6 
0 35 10 4 5 0 52 
x' . 0,106 
p . 0.750 
s w 0.077 




6+7+8 23 30+3-5 4-5 
1.525 10.673 2.287 85.515 \ \ 0,389 28.368 13.601 56.995 0.647 
14.229 50.198 11.462 24.111 j \ 17.787 66,403 14.229 1.581 0.000 I 
4,082 23.469 11.224 61.225 
Eye 
0,000 69,388 15.306 15.306 0,000 
Hair 
Table 111,2-4. Proportions of the different categories for 
pigmeotatlon of eyBS and hair. 
Legend. 
1. Bye colour: 
1 - black and dark brown, 2 » aedlua and light brown, 
3 • aized, 6 a greenish, 7 • greyish, 8 m blniah. 
2. H a i r co lour t 
1 ei black, 2 m nediua and dark brown (with/without a 
reddish t i n t ) , 23 > light brown, 30 - ash blond, 
3-5 •> reddish blond, light blond, platino blond and 
alblaa, 4-5 - reds. 
T55 
The p r o p o r t i o n s o f broiun ( i n c l u d i n g d a r k ) , mixed 
and l i g h t e y e s , b o t h sexes t o g e t h e r , were r e s p e c t -
i v e l y : 12.198 p e r c e n t , 2.287 p e r c e n t and 85.515 
p e r c e n t ( S i u e d e s ) ; 64.427 p e r c e n t , 1 1 .462 per c e n t 
and 24.111 p e r c e n t ( S p a n i a r d s ) ; 27.551 p e r c e n t , 
11.224 p e r c e n t and 61.225 p e r c e n t ( B r i t i s h ) . 
8) H a i r 
The same k i n d o f r e - g r o u p i n g l u i t h s i m i l a r r e s u l t s 
f o r t h e x ^ - t e s t uias made f o r h a i r ( t a b l e I I I . 2 - 4 ) . 
The p r o p o r t i o n s o f d a r k ( i n c l u d i n g b l a c k ) , l i g h t 
broujn and l i g h t h a i r e d i n d i v i d u a l s mere r e s p e c t i v e l y : 
28,757 p e r c e n t , 13.601 p e r c e n t and 57.642 per c e n t 
( S i u e d e s ) j 84.190 p e r c e n t , 14. 229 p e r c e n t and 1.581 
p e r c e n t ( S p a n i a r d s ) ; 69.388 p e r c e n t , 15.306 p e r 
c e n t and 15,306 p e r c e n t ( B r i t i s h ) . 
9 ) D u i a and d f h 
I n s p i t e o f t h e t i m e o f y e a r d u r i n g w h i c h t h e 
measurements luere made ( m a i n l y l a t e autumn and u / i n t e r ) , 
t h e Siuedes appear . c o n c e n t r a t e d betuieen r o u g h l y t h e 
e i g h t h and t h e t h i r t y f i f t h lueeks c o u n t e d backwards 
f r o m t h e t e s t i n g day ( b o t h lueeks i n c l u d e d ) . About 
3/5 o f t h e t o t a l f a l l i n t h e second h a l f o f t h i s 
r a n g e , 
Most o f S p a n i a r d s had s u n b a t h e d betiueen t h i r t y and 
f o r t y weeks ago, t h e r a n g e e x t e n d i n g c l o s e r t o t h e 
o r i g i n o f t i m e f o r t h e f o r e h e a d . 
The same i s t r u e f o r t h e B r i t i s h f o r t h e p e r i o d 
b etween t w e n t y and f o r t y weeks b a c k w a r d s f r o m t h e 
t e s t i n g day. But h e r e , t h e d i s t r i b u t i o n s f o r u i a and 
f h a r e p r a c t i c a l l y i d e n t i c a l . 
W i t h t h e e x c e p t i o n o f Asve, males and f e m a l e s , a l l 
s u b s a m p l e s w h i c h a r e n o t t o o s m a l l f o r n o r m a l i t y c r i -
t e r i a t o be a p p l i e d show s i g n i f i c a n t d e v i a t i o n s f r o m 
n o r m a l i t y ( t a b l e I I I . 2 - 5 ) . 
10) C r-, c r - n o w , s b o f t e n , s l o f t e n and h a t 
I n e v e r y case t h e d i s t r i b u t i o n d i f f e r e n c e s w i t h i n 
each p a i r o f homologous s u b - s a m p l e s a r e f a r f r o m 
s i g n i f i c a n t , e x c e p t f o r v a r i a b l e c r f h n o w ( S w e d i s h 
156 
Females: p=Q.067; S p a n i s h m a l e s : p=0.Q79) ( t a b l e 
1 1 1 , 2 - 6 ) . The s u b - s a m p l e s luere c o n s e q u e n t l y recom-
i n t o j u s t Sujedes , S p a n i a r d s and 3 r i t i s h . 
<s Sve 9 <S 3pa 9 Gb 2 
25.014 22.878 39.814 37.622 34.704 3 0 . 7 9 1 aean 
13.578 10.387 23.017 16 . 6 3 9 15.930 9 . 7 7 5 8 t . dev 
24.564 31.514 11.060 24.995 7.269 17.904 ku r t . 
3 . 7 9 9 3.044 3.432 4. 9<'7 2.599 3 . 3 5 4 skew. 
2 1 9 337 70 . 74 27 43 If 
<f ASTB 2 d Aspa 2 <S 
22.200 20 . 5 5 0 48 . 9 0 0 34.714 46.600 23.667 J i e a c 
9.983 9.633 32 . 3 8 5 1 . 0 7 6 22.244 2.887 S t . der 
-1.251 -1.474 4.244 0 . 1 5 5 1.771 - . Vurt. 
-0.484 - 0.359 2 . 1 S 8 0.370 1 . 4 6 1 1.7.3? skew. 
25 20 10 7 5 1 
<f Sve 2 <! Spa 2 a ' Gb 2 
23.430 20.€27 28.633 26.743 33.821 30.568 !!:e8n 
14.145 11.295 24.060 20.712 16 . 3 1 4 9.773 S t . dev. 
20.494 21.586 8 . 3 6 2 9.706 6 . 6 9 1 17.727 •nirt. 
3.280 2.240 2.330 2.116 2 . 3 6 0 3 . 3 5 1 skew. 
371 98. 109 28 44 I 
i s v e 0 <S Aspa 0 Apb 0 
2 2 . 2 0 0 
9.983 




























S t . dev. 
k u r t . 
s k e w . 
E 
Table I I I . 2 - 5 . Duia, dfh (freauency d i s t r i b u t i o n s ^ 
r u r t o s i s f i p i r e s a r e r e f e r r e d to t e r o . 
t h e s e b e h a v i o u r a l v a r i a b l e s a r e d i c h o t o m o u s and t h e 
a l l o t m e n t oF c a s e s l u i t h i n t h e combined samples d i F -
F e r s s i g n i F i c a n t l y ( p < 0.001) From a F i F t y - F i F t y 
s p l i t , e x c e p t For t h e F o l l o u j i n g v a r i a b l e s : h a t 
(Su/edes and B r i t i s h , b o t h s e x e s : n . s , ) , s b o F t e n 
( B r i t i s h m a l e s : n . s . ; B r i t i s h Females: p = 0 . 0 1 7 ) , 
crFhnoiu ( B r i t i s h F e m ales: p = 0 . 0 2 2 ) , c r F h ( B r i t i s h 
F e m a l e s : n . s . ) , 
The p i c t u r e t h e n , i F o u r samples a c c u r a t e l y r e -
p r e s e n t t h e p o p u l a t i o n s From u/hich t h e y mere e x -
t r a c t e d ( t a b l e I I I . 2 - 7 ) , i s t h a t oF p e o p l e among 
u/hich n o t l e s s t h a n -67 p e r c e n t (Sujedish m a l e s ) 
s u n b a t h e ' o F t e n ' ( e x c e p t For B r i t i s h m a l e s , n . s . ) 
ujhereas Feu/, n e v e r more t h a n 7,5 p e r c e n t (Su/edish 
F e m a l e s ) , use a sunlamp ' o F t e n ' , W h i l e g e t t i n g i r r a -
d i a t e d , n o t mora t h a n 40 p e r c e n t (Su/edish F e m a l e s ) 
157 
«29 45 n * 
• 0.909 t • 0 . 9 M 
• b e f t « 
m 0 »74 
» - 1 
»« 190 » 4 
X * - O.OK 
9 • O'tlM 
w i • tan ( t / 4 ) / 
0_ 1 0 1 0 I 0 1 
1M 5a m 0 155 m ( nt 
40 T 
.. . 
4T 44 a 4( 1« 55 51 49 t 91 
275 S M5 
x ' - o .oes 
» - 0 . 9 H 
* » 45 0 
1 
• - -11.055 
p < 0.001 t m - -16.495 » < 0.001 • 
94 190 
« - -9 .»JT 
f < 0.001 • 
in 
U m . 1 5 . S 1 t 
» < 0.001 * 






196 2« 724 226 2 
40 5 45 46 0 




X- • 0.097 
r - 0.752 
bat 
o 




159 159 298 
x ' - 2.256 
» • 0 .1J4 
5 5 i T T 
• - -12.560 
p < 0.001 * 
s - -16.521 
p < 0.001 • 
159 159 298 
• - -1.101 
p - 0.271 
0 1 ! 1 
1 209 146 
1 * 2 24 
251 170 
x ' - 0.545 
» - 0.555 
e n l a a o * 
0 1 
•be f t ra 
• 1 
401 19 420 
I * - 2.651 
p - 0.106 
51 584 455 
x ' • 0 . 0 » 
p - 0.887 
555 541 15 554 • 45 525 56« 556 26 
66 60 6 6« 8 59 67 (1 C 
• R . I S t l ( 2 / 4 ) I 
• I s f t m 
0 1 — 1 1 
5«t 
67 
59T 52 429 
x ' • 0.068 
r • 0.791 
2511170 





( - -15.918 
p < 0.001 * 
597 52 
• - -17.574 
p < 0.001 • 
e r f h 
0 
2291 11« 548 
47 18^  65 
276 157 415 
« * - 0.772 
p - 0.571 
erfhaow 
0 1 
1 - — I 
I 266 ! 80 I 546 
66 — r 
Ml 
524 88 412 
X* - 5.565 






211 228 459 
X* - 1.059 
p - 0.51T 
I *T« 15T 111 22W 
• - -6.791 
p < 0.001 * 
• - -11.564 
p < 0.001 * 
• • -0 .764 
p • 0.44T 
T*bl« I I I . 2 - 6 . The azporura r x r l a b l e a i c a t e g o r i e s and f r e q u e n c i e s . 
ram. 
Legend. 
0 • no, 1 
158 
O A « tOA ( t / 4 ) / 
0 1 0 1 e 1 0 1 
93 7 100 9S 1 100 n n 10* 100 0 
i a 1 i » 19 0 19 7 I t H 19 0 















0,317 » - 1 
111 a l i e 1 30 89 119 0 
100 
1» 
• . -9 .350 I - -10,S34 
p < 0.001 • , <. 0.001 • 
• - -9 .317 
, < 0.001-+ 
s • -10.617 
f < 0.001 * 
• r fb 
0 1 




t ^ ' 9 
i n 8 119 
l ' - 0.050 












x ' - 3.111 





85 34 119 
X* . 0 . *19 
r - 0,438 
s - -9 .550 
p < 0,001 * 
115 
• . -9 ,717 
p < 0.001 • 
85 
• . ^ . 5 8 * 
p < e . * 5 a 
• m i s 
too 20 120 
x ' - 0.0«9 
p . 0.791 
7 124 117 
X* • 0.127 
p > 0.751 
•ba f tsB 
0 1 
90 17 107 105 7 110 14 97 
10 5 15 14 0 14 4 10 
111 
14 
18 10T 129 
X* - 1,437 











p . 0.220 
100 
• • -7 .212 
p < 0,001 * 
117 
• • -9 ,789 
p < 0.001 * 
18^  167 
• . -7,871 
p < 0,001 • 
124 
• . . 10 ,912 
p < 0.0C1 * 
• r f h 
• i 39 120 
X* - 0.659 
p - 0.438 
0 1 
74 55 107 74 5« 
7 C 15 12 2 
118 
14 
a t 3 * 124 
s ' - 1,214 






15 124 111 
x ' • 0,804 
» - 0 .571 
1 - -5 .745 
p < 0,001 * 
81 59 86 3« 124 
• • -4 .221 
p < 0.001 4 
111 13 
• . -8 .711 
p « 0.001 « 
159 
• r a t a 
O 1 
6 44 
X - 0.018 




20 25 45 
X* • 0.229 
P • 0.654 
•1 * * M ( t / 4 ) / 
• l , f t a 
0 1 
27 5 52 52 0 52 15 19 51 51 0 
11 1 12 12 0 12 7 6 15 15 0 
52 
15 
45 e 45 
p - 1 
58. 6 I 
I 
Uj. -4 .675 
p < 8.001 + 
• • - 6 .485 
p < 0.001 * 
WW » 
• • - • . 9 9 6 
p - 0.551 
•5^ 0^  
• • -6 .559 
p < 0.OO1 * 
X - 0.642 
p • 0.458 
x ' - 0.185 






24 8 52 50 2 52 12 20 53 
11 1 12 I t 1 12 9 4 15 
55 9 a 41 5 44 21 24 49 
X* • 2.574 
p • 0.107 
55 9 41 5 
• - -5 .769 
p < 0.001 * 
• - -5 .578 
p < 0.001 * 
21 24 
• . .0 .298 
p • 0.700 
e r a l a 
0 1 
57 19 50 
» * > 0.299 
P - 0.584 
e r a i a a o * 
0 1 
55 11 46 44 1 45 . 
S 2 5 1 4 
47 
X* . 0.788 
p • 0.571 
"49 
O 1 
1! 51 46 
1 5 4 
16 54 50 
x ' . 0.060 
P - 0.807 
(V*) t 
•loftm 





48 2 50 
X* - 8.181 
p - 0.571 
57 
• - -9 .255 
p < 0.001 * 
• 7 
• - - « . 3 M 
p < 0.0O1 • 
1«j 54 
• . -3 .404 
9 m 0 . 017 . * 
• . -6.564 
p < 0.001 * 
z * . 0 .84* 





28 17 45 50 15 
i J 4 5 1 
29 20 49 55 16 
45 
4 
X* • 0.029 





25 27 52 
X* . 0.286 
p - 0.584 
29 20 55j 16 n i 
1 \ 
• • -1 .145 
p • 0.255 
• • -2 .286 
p « 0.023 • 
• . -0 .159 
p . 0.889 
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p r o t e c t t h e i r u pper i n n e r arm with some k i n d oF cream 
and n o t more t h a n 33 p e r c e n t (Su/edish Females) p r o -
t e c t t h e i r F o r e h e a d s i n t h e same uiay ( e x c e p t B r i t i s h 
F e m a l e s ' 41 p e r c e n t , n . s . ) . Not more t h a n 6 p e r c e n t 
( S p a n i s h F e m a l e s ) used some k i n d oF cream on t h e 
i n n e r arm m h i l e b e i n g t e s t e d and n o t more t h a n 33 
p e r c e n t ( B r i t i s h F e m a l e s ) r e t a i n e d some make-up on 
t h e i r F o r e h e a d s d u r i n g t h e t e s t . S p a n i a r d s ( e s p e c -
i a l l y g i r l s ) c l e a r l y F avour bare F o r e h e a d s , u / h i l e 
B r i t i s h and Swedes do n o t g l o b a l l y shouj any p r e F e r -
a n c e s . 
As a u/hole, g r e a t e r p r o p o r t i o n s oF women t h a n men 
expose t h e m s e l v e s o F t e n t o r a d i a t i o n ( n a t u r a l and 
a r t i F i c i a l ) , p r o t e c t t h e i r s k i n s with cream o r o i l s 
d u r i n g t h e e x p o s u r e and u/ere u s i n g c o s m e t i c s u / h i l e 
b e i n g t e s t e d . The d i F F e r e n c e s a r e n o t , hou/ever, 
s i g n i F i c a n t i n a l l c a s e s : e x c e p t i n g h a t -u/hich o n l y 
d e p a r t s From t h e F i F t y - F i F t y s p l i t u / i t h i n S p a n i a r d s -
a l l v a r i a b l e s show, e x t r e m e l y s i g n i F i c a n t d i F F e r e n c e s 
between s e x e s among Su/edes ( a p a r t From s l o F t e n : 
p = 0 , 0 1 4 ) ; a l l b u t s l o F t e n - h a t i n c l u d e d - show o r 
a p p r o a c h s i g n i F i c a n c e among S p a n i a r d s and o n l y For 
c r F h and crFhnou/ do t h e betu/een-sex d i F F e r e n c e s ap-
p r o a c h o r e v e n show s i g n i F i c a n c e among t h e B r i t i s h , 
W i t h o u t d o u b t some oF t h e b i z a r r e B r i t i s h s u n b a t h i n g 
b e h a v i o u r may be due t o t h e s m a l l s i z e oF t h e samples 
u/hich have by chance p i c k e d up some r a r e p r o p o r t i o n s 
o r u/hich a r e n o t b i g enough m a t h e m a t i c a l l y t o p r o d u c e 
2 
a s i g n i F i c a n t x , 
When c o m p a r i n g s a m p l e s , u / i t h i n each sex ( t a b l e I I I . 
2 - 7 ) , a d i F F e r e n t c o m p l e m e n t a r y p i c t u r e - b r o a d l y 
s i m i l a r F o r m a l e s and Females- emerges. A c c o r d i n g t o 
i t Su/edes and S p a n i a r d s i n d u l g e i n F r e q u e n t sun-
b a t h i n g i n h i g h e r p r o p o r t i o n s t h a n t h e B r i t i s h , and 
more Su/edes use sunlamps t h a n e i t h e r t h e B r i t i s h o r 
S p a n i a r d s ( a l s o B r i t i s h Females use them t o a g r e a t e r 
e x t e n t t h a n S p a n i s h F e m a l e s ) . As For t h e use oF p r o -




,p = 0 .000 • 
2 
Between s a a p l e s 
4 . 7 9 1 
0.029 + 
X = 1.518 
p = 0.221 
=11,102 
p 0.001 + 
- 3 .023 
p = 0 .083 
x^ - 0 .408 
p = 0 .527 
X =47.440 
p = 0 .000 + 
x^ = 3 .850 
p = 0 .048 -f 
x ' - 1.075 
p » 0 .294 
x = 6.055 
p = 0 .014 + 
x^ = 0.001 
p = 0 .975 
x^ = 0 .410 
p - 0 .527 
X =39.961 
p a 0 .000 
x^ =23.525 
p = 0 .000 + 
- 3 .580 
p s 0 .058 
x^ =59.644 
p = 0 .000 + 
x^ =25.146 
p = 0 .000 + 
= 7 .995 




f m 0.001 * 
xi m 0 .004 
p m 0 .950 
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94 1 190 
1 33.099 j 66.901 
i 30 i 89 
j 25.210 ; 74.790 
20 ! 25 















































229 45 X = 5 .886 251 170 '• x' = 22.017 
' 83 .577 16.423 P = 0 . 0 1 5 + 59.620 40.380 1 p = 0,000 
111 8 x^ = 0.061 100 20 ! x 2 = 3,308 
9 3 . 2 7 7 6.723 P = 0 .807 83.353 16.667 i P = 0,070 
; • 36 6 2 
X 
= 1.174 3 7 13 ) 2 
z = 
1,414 
86.364 13.636 P = 0 .273 74.000 2 6 . 0 0 0 : P = 0,236 
I = 0 .185 
p = 0 .655 
x2 = -
P = 1 
x^ = 0 .270 
p = 0.584 
X = 2.094 
p = 0 ,150 
x^ = 1.736 
p = 0 .190 
x^ = 4 .829 
p = 0 .028 + 
x' = 2 .136 
p = 0 .150 
x^ =. 0 .387 
p = 0 .527 
x2 = -
p = 1 
X = 5 .725 
p = 0 .018 + 
x^ = 5 .572 
p = 0 .018 + 
x^ = 0 .003 
p = 0 .940 
x" =20.026 
p = 0 .000 + 
X = 0 .025 
p = 0 .875 
X = 7 .709 
p = 0 .006 + 
401 j 19 
95.476 1 4.524 
117 i 7 
94.355 j 5.645 
47 i 2 
95.918 ; 4.082 
= 1.606 276 137 
= 0 .206 66 .828 33.172 
1.964 81 39 
= 0 .157 67.500 32.500 
- 5.097 29 20 


























X = 0.096 ( t o t . ) 
P = 0 . 951 
51 384 Z = 0,420 
11.724 88.276 P = 0,527 
18 107 z 2 =13.829 
14.400 85.600 P = 0.000 • 
16 34 z ^ = 5.988 
32.000 68,000 P = 0.015 + 
397 j 32 z " = 6.520 
92.541 1 7.459 . P = 0.011 
124 i 1 X = 0.373 
99.200 ! 0.800 p = 0.527 
4 8 ! 2 x2 s 0.687 
96.000 1 4.000 P = 0.403 
x = 0.880 ( t o t . ) 














p = 0.000 + 
I = 0.021 
p = 0.887 
X -33 .502 
p = 0.000 • 
Table I I I . 2 - 7 . The exposure T s r i a b l e s i f r e q u e n c i e s , ooapa-
r l a o n a between sexes and between s a n p l e s . 
Legend. 
1. Saaples and recoablnatlonB froa preceding t a b l e , 
2 . I n the between saaples c a l c u l a t i o n s , the ch i - s q u a r e r a l u e s 
correspond i n the s p e c i f i e d order to the coBparisons 5w-Sp, 
3w-Br and Sp-Br r e a p e c t l r e l y . I n the between sexes compari-
sons they correspond to those w i t h i n Sw (Swe+Aawe), Sp (Spa 
+Aspa) and Br (Gb+l*b). 
3. Frequencies below the obserred r a l u e s a re r e l a t l r e { % ) . 
4 . l a a p a i r of c a s e s , the global ( t o t . ) ehl-square r a l u e was 
found to be n o n - s i g n i f i c a n t ( h i g h l y so) and no f u r t h e r co»-
p a r l s o n s were Bade. 
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p r o t e c t t h e i r upper i n n e r arms i n t h i s F a s h i o n , F o l -
lou/ed by t h e B r i t i s h and t h e n hy S p a n i a r d s , u/hile 
- i F c o n s i d e r i n g t h e F o r e h e a d - t h e B r i t i s h come F i r s t , 
F ollou/ed by Su/edes and t h e n by S p a n i a r d s , On t h e 
s u b j e c t oF e v e n t u a l i n t e r F e r e n c e with t h e r e F l e c -
t a n c e t e s t , ou/ing t o t h e p r e s e n c e i n s i t u oF creams 
and c o s m e t i c s , i t will be s a i d t h a t v e r y few p e o p l e 
had them on t h e i r arms b u t t h e y u/ere more F r e q u e n t 
on t h e i r F o r e h e a d s : For t h e i n n e r arm t h e r e a r e no 
p r a c t i c a l d i F F e r e n c e s , b u t For t h e Forehead t h e 
B r i t i s h come F i r s t , c o l s e l y Follou/ed by S p a n i a r d s 
and - a t a c e r t a i n d i s t a n c e - by Su/edes. S i g n i F i c a n c e 
i s n o t always a t t a i n e d . Among m a l e s , o n l y For t h e 
F o l l o u / i n g - v a r i a b l e s and c a s e s i s s i g n i F i c a n c e r e a c h e d 
or a p p r o a c h e d : c r u i a (Su/edes v s . S p a n i a r d s - 0 , 0 1 5 ) , 
s b o F t e n ( S p a n i a r d s v s , B r i t i s h - 0 . 0 2 8 ) , c r F h (Span-
i a r d s v s . B r i t i s h - 0 , 0 2 4 ) , crFhnou/ (Su/edes v s , Span-
i a r d s - 0 . 017- and Su/edes v s , B r i t i s h -0,018) and h a t 
( S p a n i a r d s v s . Su/edes - 0 . 0 0 1 - and S p a n i a r d s v s . 
B r i t i s h - 0 . 0 0 6 ) . Among Females t h e same s i t u a t i o n 
i s t r u e F o r : c r u i a (Su/edes v s . S p a n i a r d s - < 0 . 0 0 1 -
and Su/edes v s . B r i t i s h - 0 . 0 7 0 ) , s b o F t e n (Su/edes v s . 
B r i t i s h - < 0 . 0 0 1 - and S p a n i a r d s v s . B r i t i s h - 0 . 0 1 5 ) , 
s l o F t e n (Su/edes v s , S p a n i a r d s - 0 , 0 1 1 - and p e r h a p s , 
had t h e B r i t i s h sample been g r e a t e r , a l s o B r i t i s h v s , 
S p a n i a r d s ) , crFhnou/ (Su/edes v s . S p a n i a r d s -0.046-
and p e r h a p s , as above, Su/edes v s . B r i t i s h ) and h a t 
( S p a n i a r d s v s . Su/edes - < 0 , 0 0 1 - and S p a n i a r d s v s . 
B r i t i s h - < 0 , 0 0 1 ) , 
Summary S i x s a m p l e s have been e x t r a c t e d From t h e Su/edish, 
S p a n i s h and B r i t i s h p o p u l a t i o n s , with a good c o v e r a g e 
oF s o c i a l s t r a t a i n t h e Su/edish c a s e . I n s p i t e oF 
c o n F o r m i n g t o two d i F F e r e n t c r i t e r i a oF ' p u r i t y ' , no 
s i g n i F i c a n t d i F F e r e n c e s c o u l d be e l i c i t e d between the 
samples i n each p a i r For most oF t h e c h a r a c t e r s con-
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s i d e r e d - t h e s o c i o e c o n o m i c , b e h a v i o u r a l and p i g -
m e n t a r y .var i a b l e s ( e x c e p t i n g t h e r e F l e c t a n c e r e a -
d i n g s ) - f o r u j h i c h r e a s o n t h e y u;ere combined t o -
g e t h e r i n t o t h r e e c o m p o s i t e s a m p l e s . 
A p p l i c a t i o n oF t h e n o r m a l i t y c r i t e r i a , u/henever 
p e r t i n e n t , r e v e a l e d s i g n i F i c a n t d e v i a t i o n s From n o r -
m a l i t y - e x c e p t i n t h e case oF v a r i a b l e t a l l . 
W i t h r e s p e c t t o t h e b e h a v i o u r a l v a r i a b l e s , no s i g -
n i F i c a n t d i F F e r e n c e s between 'pure,'-' and 2/4 ' p u r e ' 
s a m p l e s c o u l d be e l i c i t e d , b u t some a p p e a r e d between 
s a m p l e s and between s e x e s . As a v e r a g e , Swedes had 
s u n b a t h e d more r e c e n t l y (minimum 8 weeks) t h a n e i t h e r 
S p a n i a r d s (minimum 30 weeks) o r t h e B r i t i s h (minimum 
20 w e e k s ) . Swedes and S p a n i a r d s a r e more F r e q u e n t sun-
b a t h e r s t h a n t h e B r i t i s h , and men l e s s t h a n women 
w i t h i n each sample. The use oF p r o t e c t i v e creams i n 
c o n n e c t i o n w i t h s u n b a t h i n g i s more e x t e n d e d among 
Swedes, and even t h e B r i t i s h , t h a n among S p a n i a r d s , 
C o s m e t i c s a r e m o s t l y used on t h e F o r e h e a d , w i t h t h e 
B r i t i s h and t h e S p a n i a r d s u s i n g them more F r e q u e n t l y 
t h a n t h e Swedes. There p r a c t i c a l l y no d i F F e r e n c e s 
b e t w e e n samples c o n c e r n i n g t h e i r use on t h e i n n e r arm. 
The S p a n i a r d s expose t h e i r F o r e h e a d s s i g n i F i c a n t l y 
more t h a n e i t h e r t h e Swedes o r t h e B r i t i s h . 
F or a l l t h e s e v a r i a b l e s , t h e p i c t u r e oF_ s i m i l a r i -
t i e s and d i v e r g e n c i e s F o l l o w s s i m i l a r l i n e s i n b o t h 
s e x e s . 
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111,3, P a t t e r n s oF e x p o s u r e . A s s o c i a t i o n s b e t w e e n v a r i a b l e s . 
I n o r d e r t o pave t h e way t o w a r d s a deeper i n s i g h t 
i n t o t h e n a t u r e oF t h e samp l e s i t i s n e c e s s a r y t o 
become a c q u a i n t e d n o t o n l y w i t h i t s d i s t r i b u t i o n s oF 
F r e q u e n c i e s b u t a l s o w i t h any e x i s t i n g a s s o c i a t i o n s 
b e t w e e n v a r i a b l e s . The s u b j e c t oF t h e a s s o c i a t i o n s 
- o r c o r r e l a t i o n s - b e t w e e n t h e i n d e p e n d e n t v a r i a b -
l e s and p i g m e n t a t i o n , t h e d e p e n d e n t one, w i l l be 
t r e a t e d i n a n o t h e r c h a p t e r ; h e r e o n l y the a s s o c i a -
t i o n s b etween t h e i n d e p e n d e n t v a r i a b l e s w i l l be s t u -
d i e d . Those e x i s t i n g b e t w e e n b e h a v i o u r a l v a r i a b l e s 
a r e shown i n t a b l e C I ( a p p e n d i x C ) , 
I t i s c l e a r t h a t v a r i a b l e s s b o F t e n and s l o F t e n 
a r e n o t a s s o c i a t e d i n any way, a l t h o u g h s i g n i F i c a n c e 
l e v e l s s t e a d i l y i n c r e a s e w i t h sample s i z e . Because 
oF t h i s and s i n c e t h e i r e F F e c t s a r e a d d i t i v e , and 
a l s o t r y i n g t o keep t h e number oF i n d e p e n d e n t v a r i a b -
l e s as low as p o s s i b l e , t h e y were r e c o n v e r t e d i n t o a 
new c o m p o s i t e v a r i a b l e , u v o F t e n , a c c o r d i n g t o t h e 
p r o c e d u r e shown b e l o w . 
51 I F (SBOFTEN IQ 1 AND SLOFTEN EQ 1 ) UV0FTEN=2 
52 I F (SBDFTEN EQ 1 AND SLOFTEN EQ 0 ) UV0FTEf.: = 1 
53 I F (SBOFTEN EQ 6 AND SLOFTEN EQ l ) UUDFTEN^I 
5ft I F (SBOFTEN EQ 0 AND SLDFTEN EQ O) UU0FTEN=0 
55 I F ( ( S B O F T E N EQ 0 AND SLOFTEN EQ 9 ) OR 
56 (SLOFTEN EQ 0 AND SBOFTEN EO 9 ) ) UVOFTEN=0 
57 I F ( ( S B O F T E N EQ 1 AND SLOFTEN EQ 9 ) OR 
5B (SLOFTEN EQ 1 AND SBDFTEN ED 9 ) ) UU0FTEN=1 
59 I F (SBOFTEN EQ 9 AND SLOFTEN EQ 9 ) UUDFTEN=9 
I t was s t i l l F e l t t h a t t h i s was n o t s u F F i c i e n t 
s i n c e some p e o p l e p r e F e r e n t i a l l y e x p o s e o n l y c e r t a i n 
a r e a s oF t h e i r s k i n s t o r a d i a t i o n . T h i s k i n d oF i n -
f o r m a t i o n i s s t o r e d i n v a r i a b l e h a b i t . A c c o r d i n g l y , 
u v o f t e n , i n c o m b i n a t i o n w i t h h a b i t , was t r a n s F o r m e d 
i n t o v a r i a b l e s h a b i t u and h a b i t F w h i c h convey i n F o r -
m a t i o n on t h e l e v e l oF U V - r a d i a t i o n i n t a k e a t t h e 
i n n e r arm ( h a b i t u ) and t h e F o r e h e a d ( h a b i t F ) r e s p e c -
t i O e l y , The l o g i c a l p a t h s o f c o n v e r s i o n a r e as F o l -
l o w i n g : 
85 I F (HABIT EQ 0 OR HABIT EQ l ) HABITU = UUGFTErJ 
86 IF (HfiBIT EQ 2 ) HABITU=0 
87 I F (HABIT EQ 9 ) H A B 1 T U = 9 
e e I F (HABIT EU 0 OR HABIT EQ 2 ) HABITF=UUOFTEN 
89 I F (HABIT EQ 1 ) HABITF=0 
90 I F (HABIT EQ 9 ) HABITF=UUCFTEN 
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1 / 0 . ? t ? 
io.56< 
!0 .59 f 
T a b l e I I I . 3 - 1 . A s s o c i a t i o n s between b e h a v i o u r a l v e r i a b j . e s . 
1 . I n some c a s e s t h e number o r rows and/or t> : e niraber o f columns, owing 
to enpty c e l l s , were too s n a i l f o r c e r t a i n s t a t i s t i c a l t e s t s to be 
a p p l i e d , i - which c a s e t h e y were o T n i t t e d . 
?. A l l s i g n i f i c a n c e l e v e l s a r e t w o - t a i l e d . 
3. S t a t i s t i c s 1 to 4 show two a l t e r n a t i v e s e a c h . The noBt p r o p e r was i n 
e v e r y c a s e e s t i ^ T i a t e d . 
''•. Due t o too s n a i l Ba.Tiple s i z e and/or too low c e l l f r e q u e n c i e s , u s i n g 
1? was not a l w a y s a d v i s a b ' ' e . F o r t h a t r e a s o n K e n d a l l ' s t a u has a l s o 
been c a l c u l a t e d . ( S l e g e l , 1956,- K e n d a l l , 1970). 
5. C r a i a e r ' s V/Phi i s a l w a y s b a s s d on t h e raw c h i - s q u a r e v a l u e , a s g i v e n 
by t h e SPSS c r o s s t B b s s u b p r o g r a n . S i n c e t h e f u n c t i o n o f t h i s s t a t i s -
t i c i s t o g i v e an i d e a of t h e a s s o c i a t i o n ' s s t r e n g t h , which K e n d a l l ' 
s t a u a l s o g i v e s , no ette^npt was made to r e c a l c u l a t e i t whenever 
t h e u s e o f t h e c o r r e c t e d c h i - s q u a r e was found a p p r o p i a t e . 
The K e n d a l l rani: c o r r e l a t i o n c o e f f i c i e n t s have been c a l c u l a t e d con-
s i d e r i n g : t i e s and c o r r e c t i o n f o r c o n t i n u i t y ( K e n d a l l , 1970). 
E a c h of. t h e v a r i a b l e s c a n be c o n s i d e r e d as o r d i n a l . A l l v a r i a b l e s 
a r e dichotom - i u s e x c e p t h a b i t u end h a b i t f , which have t h r e e c a t e g o -
r i e s , o f which one i s f r e o u e n f y erapty. 
6. 
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W i t h i n t h e samples t h e r e i s a c l e a r c o n c e n t r a -
t i o n o f t h e l e s s f r e q u e n t c a t e g o r i e s o f v a r i a b l e s 
s l o f t e n , c r - and cr-now ( w h i c h c o r r e s p o n d w i t h 
t h o s e u s i n g q u a r t z lamps creams and c o s m e t i c s ) i n 
t h e t o p - r a n k i n g c a t e g o r i e s ( l and 2) o f v a r i a b l e s 
s b o f t e n and h a b i t - ( t a b l e I I I . 3 - 1 ) , I n o t h e r w o r d s , 
t h e r e a r e , i n a b s o l u t e n u m b e r s , more u s e r s o f sun-
l a m p s , t a n n i n g o i l s and c o s m e t i c s o r s k i n creams 
among t h o s e e x p o s i n g t h e m s e l v e s o f t e n t o U V - r a d i a -
t i o n . W i t h o u t d o u b t , a n d e s p e c i a l l y when c o n s i d e r i n g 
c r u i a n o w and c r f h n o w , t h i s may be p a r t l y due t o t h e 
h i g h p r o p o r t i o n s o f e x p o s e r s among Swedes and 
S p a n i a r d s ( b o t h s e x e s ) and - t o a c e r t a i n e x t e n t -
among B r i t i s h f e m a l e s as w e l l . S i g n i f i c a n c e i s on-
l y a t t a i n e d by Swedes (o* and 9) a t b e t t e r t h a n t h e 
0.01 l e v e l f o r a l l t a b u l a t i o n s i n v o l v i n g c r u i a , 
c r f h , h a b i t u and h a b i t f , even when c r u i a n o w and 
c r f h n o w a r e c o n t r o l l e d f o r . S p a n i s h and B r i t i s h 
f e m a l e s a p p r o a c h s i g n i f i c a n c e a t t h e 0,05 l e v e l f o r 
t h e t a b u l a t i o n c r f h - h a b i t f . The use:.of h a t s and 
h a i r f r i n g e s does n o t show any t r a i t s o f s i g n i f i -
c a n t a s s o c i a t i o n w i t h e x p o s u r e ( h a b i t f - n e w h a t ) . 
The p r o p o r t i o n s o f e x p o s e r s ( v a r i a b l e s h a b i t u 
and h a b i t f ) d i f f e r l i t t l e f r o m t h o s e p r e v i o u s l y ob-
t a i n e d f o r s b o f t e n . They a r e a l s o v e r y s i m i l a r when, 
w i t h i n each s e x , c o m p a r i n g t h e i n n e r arm w i t h t h e 
f o r e h e a d . The r e s u l t s a r e shown i n t a b l e I I I . 3 - 2 . 
Among men, a t b o t h s i t e s , e x p o s e r s a r e commonest 
among S p a n i a r d s ( a r o u n d 75 p e r c e n t ) and l e a s t f r e -
q u e n t among t h e B r i t i s h ( a r o u n d 54 p e r c e n t ) , w h i l e 
Swedes f a l l i n between ( a b o u t 65 p e r c e n t ) . Among 
women, Swedes b e l o n g most o f t e n t o t h a t c a t e g o r y 
( a r o u n d 88 p e r c e n t ) , c l o s e l y f o l l o w e d by S p a n i a r d s 
( a r o u n d 85 p e r c e n t ) and l a s t by t h e B r i t i s h ( a b o u t 
71 p e r c e n t ) . D i f f e r e n c e s b e t w e e n p r o p o r t i o n s a r e 
s i g n i f i c a n t a t b o t h s i t e s o n l y between S p a n i a r d s 
and t h e B r i t i s h , i n t h e case o f men. Among women, 
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Swe + Aswe 
(Sw.) 
Spa + Aspa 
(Sp.) 
5b + Agb 
(B r . ) 
Swe Aswe 
(Sw.) 
Spa -f Aspa 
(sp . ) 
Gb + Agb 
(B r . ) 
a e -4,64 p>K},00 0 
M =-14,71 p=0,00 1 I 
i ' = 45.79 p=0,00 
«jj= -5,20 p=0,00 0 
E = -7.58 p=0,00 1 
? 
x^= 3.04 p=0.08 
a = -0.33 p=0.74 0 
o 
e = -2,86 p=0,00 1 
x^= 2,06 p=0.16 
44.54 p=0.00 
3,68 p=0,06 
= -5.20 p=0,00 0 : 
s = -7.76 p=0.00 1 
2 
r = -0.33 p=0.74 0 ' 
a 
z = -2.74 p=0.01 1 , 
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84 28 17 
157 84 20 
44 18 
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0 82 28 17 
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103 1 1 34 
1 
-0.41 .53^-4.18 .04-! 
10.02 .00 : 
habitu 
h a b i t f 
Table I I I . 3 - 2 . D i f f e r e n c e s i n the proportions eipoBera/ 
non-exposera, b e t w e e n sexes ( w i t h i n s a m p l e ) and b e t w e e n 
s a m p l e B ( w i t h i n a e i ) . 
Legend, 
1, 0 = n o n - e x p o s e r . 1 = exposer. 
2, Within each p a i r of f i g u r e s attached to the 2x3 cross-
t a b u l a t i o n t a b l e s , the f l r a t one corresponds to the 
ehi-square s t a t i a t i c s and the second one to i t s p. 
3, 3 / 4 - c r l t e r i o n of 'purity' applied to the samples. 
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d i F F e r e n c e s a r e s i g n i F i c a n t a t b o t h s i t e s between 
Swedes and t h e B r i t i s h and a l s o b etween S p a n i a r d s 
and t h e B r i t i s h a t t h e F o r e h e a d , A l l a c c e p t e d 
s i g n i F i c a n c e l e v e l s a r e b e t t e r t h a n 0.Q5, and i n 
sorre o t h e r i n s t a n c e s , t h e d i F F e r e n c e s a p p r o a c h 
s i g n i F i c a n c e a t t h a t l e v e l , (Swedes v s , S p a n i a r d s : 
i n n e r arm; S p a n i a r d s v s , t h e B r i t i s h : F o r e h e a d ) . 
When c o m p a r i n g s e x e s a t each s i t e , t h e y d i F F e r 
s i g n i F i c a n t l y o n l y among Swedes ( q = 0 . 0 0 0 ) , a t b o t h 
t h e i n n e r arm and t h e F o r e h e a d , b u t a p p r o a c h s i g n i -
F i c a n c e among t h e S p a n i a r d s , W i t h i n each sex and 
s i t e , t h e p r o p o r t i o n s e x p o s e r s / n o n - e x p o s e r s d i F F e r -
s i g n i F i c a n t l y From t h e f i f t y - F i F t y s p l i t among 
Swedes and S p a n i a r d s ( b o t h s exes and s i t e s ) and 
among B r i t i s h Females ( b o t h s i t e s ) , ' 
The Swedish sample t o a much g r e a t e r e x t e n t t h a n 
t h e o t h e r two p r e s e n t a g r e a t d i s p e r s a l oF v a l u e s . 
For t h e age v a r i a b l e . S u n b a t h i n g h a b i t s a r e t o be 
e x p e c t e d t o change .somewhat w i t h age. And s i n c e 
among them h a b i t u and h a b i t F a r e presumed t o be oF 
t h e most i m p o r t a n c e , i n a d d i t i o n t o b e i n g t h e o n l y 
two n o n - d i c h o t o m o u s v a l u e s so F a r , i t seems con-
v e n i e n t t o s t u d y t h e i r a s s o c i a t i o n , i F any, w i t h . 
age. S i n c e h a b i t u and h a b i t F a p p e a r b r o a d l y s i m i l a r , 
i n f a c t t h e y even p r e s e n t a l m o s t i d e n t i c a l F r e q uen-
cy d i s t r i b u t i o n s , o n l y a g e - h a b i t u w i l l be s t u d i e d 
and t h e g e n e r a l F e a t u r e s oF t h e c o n c l u s i o n w i l l 
- For t h e moment - be e x t e n d e d t o a g e - h a b i t F as 
w e l l . The SPSS one-way ( a n a l y s i s oF v a r i a n c e ) sub-
p r o g r a m a l l o w s us t o s t u d y d i F F e r e n c e s between sub-
g r o u p s as w e l l as t h e e x i s t e n c e oF c u r v i l i n e a r and 
l i n e a r t r e n d s . I t must be b o r n e i n m i n d , however, 
t h a t i F t h e p r e d o m i n a n t u n d e r l y i n g t r e n d For t h e 
v a r i a t i o n oF h a b i t u w i t h age i s c u r v i l i n e a r - espe-
c i a l l y i f i t i n c l u d e s one o r more i n F l e x i o n p o i n t s -
t h e r e i s a g r e a t r i s k t h a t h a b i t u ' s c a t e g o r i z a t i o n 
w i l l d i s t o r t t h e n a t u r e oF t h e v a r i a b i l i t y , o r 
even l e t i t pass u n d e t e c t e d . F i g u r e 111,3-1 s u F F i -
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c i e n t l y i l u s t r a t e s the p o i n t f o r two of the most 
s i m p l e cases. 
• ) q u a d r a t i c t r e n d 
+ P.X • A 
I . f i v e e a t e g o r i e a 
I I , t h r e e c a t e g o r l e a 
b) q u a d r a t i c trend 
T . B j X ' • B^I • A 
I . two c a t e g o r i e s 
c ) c u b i c trend 
T E j X ' •» B j l ^ • B,I * A 
I , f o u r c a t e g o r i e s 
I I . t h r e e e a t e g o r l e s 
P i g . I I I . 5 - 1 . I n graphe ( a ) , ( b ) , ( e ) and ( d ) the cloude of points 
r e p r e s e n t f o r two d i f f e r e r t a a s r l e e the t«2uee of v a r i a b l e T as a 
f u n c t i o n of • r a r i B t l e I . Both T a r i s t e s are continuous. The best f i t s 
a r e a q u a d r a t i c c u r r e and a cubic c u r r e . Howerer, I f I 1* d e a l t with 
as a c a t e g o r i c T a r i a t e t h e goodreaa of f i t depends d i r e c t l y on t h e 
ouEber of c a t e g o r i e s and or t h e i r r e l a t i o n s h i p to i n f l e c t i o n p o i n t s 
c a z i o a and mlnijca. The ouBber-ef c a t e g o r i e s a a ; be too s n a i l f o r 
e l i c i t i n g t h e r e a l t r e n d and, i n s t e a d , a s e T e r e l y d i s t o r t e d one may 
be d e t e c t e d - f o r i r e t a n c e , -at f b ) I , ( c ) I I and ( d ) I I . In general, 
i f t h e Bubproup oeans i r a oneway a n a l y s i s of Taxiance are to cha-
r a c t e r i a e those c a t e g o r i e s , a ouaber of then equal a t l e a s t t o t h e 
degree of the best f i t plue one i s recoioiended. F o t i c e t h a t t h e c a -
t e g o r i e s of X nay correspond to unequal I n t e r r a l s of the underlying 
continuous •»ariation - f o r e i a i p l e , a t ( a ) I I . Indeed, i t may turn 
out i E p o e s i b l e to guarantee a n y t h i n g e l s e . 
d) c u b i c trend 
I E j X ' • BjX^ • B,I • A 
I . acTen e a t e g e r l e s 
I I . two c a t e g o r i e s 
We have no way t o i n c r e a s e h a b i t u ' s s e n s i t i v i t y 
t o v a r i a t i o n w i t h age, i n case the number o f 
c a t e g o r i e s proves t o be inad e q u a t e , but we can 
stu d y g r a p h i c a l l y t h a t v a r i a t i o n by p l o t t i n g the 
changes i n r e l a t i v e p r o p o r t i o n s between h a b i t u ' s 
c a t e g o r i e s , w i t h 1 and 2 c o n v e n i e n t l y combined 
t o g e t h e r ( f i g . 111,3-2), Since c a t e g o r y number 2 
i n c l u d e s so few cases, the n a t u r e of the c o n c l u -
s i o n s w i l l not be a l t e r e d s i g n i f i c a n t l y . The 
f u n c t i o n regressed on age i s r e a l l y a combinai-
t i o n of number of cases and c a t e g o r i c v a l u e s , i n 
f a c t h a b i t u ' s mean u / i t h i n each agegroup, which 
i m p l i e s t h a t h a b i t u has been d e a l t w i t h as i n t e r -
v a l - l e v e l , one more reason t o make i t dichotomous 
f o r t h e pr e s e n t case. At each p o i n t the f u n c t i o n 
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p l o t t e d r e v e a l s , a t t h a t a g e g r o u p , i t s a v e r a g e 
p r o x i m i t y t o t h e one o r t h e o t h e r c o n d i t i o n , ex-
p o s e r v e r s u s n o n - e x p o s e r . The t r e n d s a r e s t r i k i n g -
l y l i n e a r among Swedes For b o t h s e x e s , and t h e 
l i n e s r u n p r a c t i c a l l y p a r a l l e l t o t h e h o r i z o n t a l 
( a g e ) a x i s . Hence, i t i s p e r m i s s i b l e t o use t h e 
a n a l y s i s oF v a r i a n c e i n r e l a t i v e s a F e t y . No s i m i -
l a r s c a t t e r g r a m s were p l o t t e d For S p a n i a r d s and 
t h e B r i t i s h , s i n c e t h e a g e g r o u p s w h i c h c o u l d p os-
s i b l y i n t r o d u c e c u r v i l i n e a r i t y i n t o t h e p i c t u r e 
a r e empty. 
The use oF t h e one-way a n a l y s i s oF v a r i a n c e r e -
q u i r e s t h e F u l F i l m e n t oF t h r e e a s s u m p t i o n s : 
l ) n o r m a l d i s t r i b u t i o n oF s c o r e s w i t h i n each 
t r e a t m e n t p o p u l a t i o n , 2 ) h o m o g e n e i t y oF var.iance 
a c r o s s t r e a t m e n t p o p u l a t i o n s b e l o n g i n g t o t h e same 
p o p u l a t i o n , and 3) i n d e p e n d e n c e between e r r o r s a s -
s o c i a t e d w i t h any p a i r oF o b s e r v a t i o n s . S i n c e t h e 
d a t a w i t h i n e a c h t r e a t m e n t p o p u l a t i o n c o r r e s p o n d 
t o i n d e p e n d e n t o b s e r v a t i o n s i t w i l l be assumed t h a t 
t h e t h i r d r e q u i r e m e n t has been met. U n F o r t u n a t e l y , 
t h e age v a r i a b l e i n a l l samples shows g r o s s de-
p a r t u r e s From n o r m a l i t y , w h i l e h o m o g e n e i t y oF 
v a r i a n c e i s a t t i m e s a b s e n t From t h e s a m p l e s , a t 
t h e 0,05 l e v e l . C o n s i d e r a b l e d e p a r t u r e s From n o r -
m a l i t y can be n e g l e c t e d p r o v i d e d t h a t g r o u p s i z e s 
a r e r e l a t i v e l y l a r g e , w h i l e h e t e r o g e n e i t y oF 
v a r i a n c e may be d i s r e g a r d e d whenever group s i z e s 
a r e e q u a l o r a c o r r e c t i o n t o t h e d.F, v a l u e - For 
t w o - g r o u p c o m p a r i s o n s - i s o t h e r w i s e a p p l i e d ( H a y s , 
1 9 8 1 ) , We s h a l l t h e n n o t r e l y t o o h e a v i l y on c o n -
c l u s i o n s drawn From a n a l y s i s oF samples c o n t a i n i n g 
s m a l l - s i z e d g r o u p s (Fewer t h a n t h i r t y c a s e s ) o r 
d i v i d e d i n t o more t h a n two c a t e g o r i e s . 
The r e s u l t s ( t a b l e s 111,3-3) show a g e n e r a l 
t r e n d F o r d e c r e a s i n g e x p o s u r e oF t h e i n n e r arm t o 
r a d i a t i o n w i t h i n c r e a s i n g age, a l t h o u g h o n l y among 
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Table I I I . 5 - 3 . Oneway anoTa: age-habitu. 
Legend. 
1. Swe4ljBire, Spa+Afipa and Gb+4gb have been studied under two a l t e r n a -
t i T e s : ' h a t i t u ' as a dichotonious v a r i a b l e ( f i r s t and second r o w i ) , 
and habitu as a trichotomous v a r i a b l e ( f i r s t , t h i r d and fourth 
rows). Conclusions based on the r e s u l t s of c a l c u l a t i c n s i n v o l v i n g 
the t r i c h o t o - o u s a l t e r n a t i v e are not always r e l i a b l e . 
2. I n some cases (marked • ) the Student-t has been c a l c u l a t e d Instead 
of r a r a c e t e r F. 
3. S i g n i f i c a n c e (+/-) has been r e f e r r e d to l e v e l 0.05. 





















































? i g . I I I . 3 - 2 . V a r i a b i l i t y of habitu with a^e (agegroup). 
Legend. 
1. Habitu=1 and habitu=2 hare been pooled together. 
2. The upcer l i m i t e of a^eproups 1 to 5 are 6, 11, 16, 21 




h a b i t f 
/!\-
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age 
Pig. I I I . 3 - 3 . Kinds of asBociatioDs between Independent r a r l a b l e B i 
+ for p o s i t i v e c o r r e l a t i o n , - f o r negatire c o r r e l a t i o n , ( i l l T a r i a b l e a i 
except age and days- , are dichotomous). ( A l l c o r r e l a t i o n s are s l a p l e ) 
Sw, Sp and Br stand r e e p e c t i v e l y for Swedes, Spaniards and B r i t i s h . ?o 
the r i g h t hand s i d e of / they i n d i c a t e exceptions. 
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Spaniards (d*, j ) i s s i g n i f i c a n c e a t t a i n e d ( a t b e t -
t e r than the 0.05 l e v e l ) , Su/edish Females approach 
s i g n i f i c a n c e a t t h a t l e v e l , l u h i l e a l l other samples 
are f a r removed from any acce p t a b l e l e v e l s . Among 
Siuedish and B r i t i s h males a t l e a s t u / i t h i n the bigger 
samples the op p o s i t e tendency predominates: i n c r e a s -
i n g exposure u/ith age. These r e s u l t s c o r r o b o r a t e , 
t h u s , luhat u/as p r e v i o u s l y o b t a i n e d f o r the s c a t t e r -
grams. D i f f e r e n c e s between c a t e g o r i e s are s i g n i -
f i c a n t among Spaniards - males and females - a t b e t -
t e r than the 0,05 l e v e l , l u i t h Smedish females coming 
c l o s e . 
A l l c o r r e l a t i o n s between p r i m a r y independent 
v a r i a b l e s have been e x p l o r e d as u i e l l as a p r e l i m i -
nary step t o a m u l t i p l e r e g r e s s i o n a n a l y s i s , t o be 
d e a l t u i i t h l a t e r . The r e s u l t s ( t a b l e C.I ) f o r the 
samples have f o r convenience been arranged i n t o f o u r 
polygons ( f i g . 111,3-3), one f o r each s i t e and p l a c e . 
A l l f o u r have the f o l l o u / i n g i n common: the c o r r e l a -
t i o n s betu/een days-, on the one hand, and c r - and 
h a b i t - , on the o t h e r , are n e g a t i v e ; mhile the c o r r e -
l a t i o n s between h a b i t - , on the one hand, w i t h c r - and 
cr-now (when t h i s v a r i a b l e i s not devoid of i n f o r m a -
t i o n ) , on the o t h e r , are p o s i t i v e . I n ot h e r words, 
users n o r m a l l y had had t h e i r l a s t exposure more r e -
c e n t l y and tended both t o use p r o t e c t i n g o i l s and t o 
have worn some k i n d of cream d u r i n g the 
t e s t . The r e s t of the c o r r e l a t i o n s are of l e s s con-
s t a n t t y p e , e s p e c i a l l y among men. S i g n i f i c a n c e a t the 
0,05 l e v e l or b e t t e r i s on l y a t t a i n e d i n a h a n d f u l of 
cases, n o r m a l l y when e i t h e r h a b i t u or h a b i t f are i n -
v o l v e d . S i g n i f i c a n t c o r r e l a t i o n s a r e : H a b i t - w i t h c r - . 
H a b i t - w i t h c r - . For Swedish males a t both s i t e s . 
A l l women a t the P^rehead, 
H a b i t - w i t h days-. Among Swedish and Spanish males 
a t i b o t h s i t e s . Approached by B r i t i s h males at both 
s i t e s . 
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H a b i t - w i t h age, Spanish males and Spanish and 
B r i t i s h f e m a l e s , a l l a t both s i t e s ( b u t the f i r s t 
o n l y approach s i g n i f i c a n c e ) . 
The r e s t are c o n s i d e r a b l y l e s s s i m e t r i c : 
Cr- w i t h cr-now. Among Swedish females a t both 
s i t e s and Spanish females a t the f o r e h e a d . 
Cr- w i t h days-. Among Swedish females a t the inner 
arm and Spanish females at the fo r e h e a d . Approached 
by Swedish males a t the forehead. 
Cr-now w i t h age. Among Swedish females a t the f o r e -
head. Approached by B r i t i s h females a t the in n e r arm. 
Days- w i t h age. Among Spanish males and females and 
Swedish females a t both s i t e s , 
Newhat w i t h crfhnow. Among Spanish males and Swedish 
females ( a t t he f o r e h e a d ) . 
Newhat w i t h age. Among Swedish males and females ( a t 
the f o r e h e a d ) . 
Summary Sunbathing a c t i v i t i e s and the use of sun creams 
appear t o be p o s i t i v e l y a s s o c i a t e d among Swedes,(both 
sexes and s i t e s ) , but no s i g n i f i c a n t a s s o c i a t i o n s 
c o u l d be e l i c i t e d among the B r i t i s h or the Spaniards, 
The p r o p o r t i o n s of exposers vs. non-exposers 
(new v a r i a b l e s h a b i t u and h a b i t f ) appear t o d i f f e r 
v e ry l i t t l e from those f o r s b o f t e n , and are very 
s i m i l a r when comparing s i t e s w i t h i n each sex. This 
denotes the s m a l l e x t e n t of the use of sunlamps i n 
these p o p u l a t i o n s and the e x i s t e n c e o f p a r a l l e l 
p a t t e r n s of exposure f o r i n n e r arms and foreheads. 
Exposure of the i n n e r arm t o r a d i a t i o n seems i n 
g e n e r a l t o decrease s l o w l y w i t h age, but s i g n i f i c a n c e 
was o n l y d e t e c t e d among the Spaniards ( b o t h sexes). 
The i n t r i c a t e p a t t e r n of i n t e r c o r r e l a t i o n s e x i s t i n g 
between age and the b e h a v i o u r a l v a r i a b l e s i s b e t t e r 
s t u d i e d t h r o u g h the diagrams i n f i g u r e I I I . 3 - 3 , 
CHAPTER IV/ 
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IV. 1* The impact o f exposure on p i g m e n t a t i o n . 
A l t h o u g h g e n e t i c s i s the main f a c t o r i n de-
t e r m i n i n g p i g m e n t a t i o n , the importance of the en-
v i r o n m e n t - sensu l a t o - i n m o d i f y i n g i t can h a r d -
l y be d e n i e d . The v i s i b l e e f f e c t s o f UU r a d i a t i o n 
on human s k i n are t u e l l knomn t o everybody. Ex-
h a u s t i v e r e s e a r c h has been conducted on aspects o f 
r a d i a t i o n e f f e c t s a t the h i s t o l o g i c a l and c e l l u l a r 
l e v e l . B r i e f l y s u r v e y i n g what i t has been r e p o r t e d 
elsewhere (Ediuards & D u n t l e y , 1939} Thomson, 1951; 
Jansen, 1953; Lee & Lasker, 1959; Harmse, 1964; 
Ramsay & C h a l l o n e r , 1976), the sequence of ev e n t s 
a f t e r i r r a d i a t i o n o f a screen area and subsequent 
u/ith d r a i u a l f rom f u r t h e r r a d i a t i o n , seem t o be as 
f o l l o u i n g j erythema comes as a f i r s t s e q u e l , imme-
d i a t e l y f o l l o u j e d by hyperemia ( i n c r e a s e d blood 
flou», w i t h d i s p l a c e m e n t o f the haemoglobinic ba-
l a n c e towards t he oxygenic s i d e ) - d e t e c t a b l e by 
i n c r e a s e d s k i n temperature and i n c r e a s e d p u l s e 
r a t e . D i m i n i s h e d sweating r a t e , accompanied by 
v e s i c u l a r r a s h , can a l s o appear. The new s k i n co-
l o u r i s , u n t i l now, p i n k i s h - r e d and 
th e o n l y p a r t o f the r e f l e c t a n c e curve a f f e c t e d 
by t h e new c o n d i t i o n i s the blue-green , which i s 
l o w e r . M e l a n i n s t a r t s f o r m i n g , however, and lowers 
b o t h ends o f the spectrum, but i t s e f f e c t s on 
the m i d d l e r e g i o n are p a r t l y masked by the i n t e n -
s i v e a b s o r p t i o n e x e r t e d by the b l o o d . When melanin 
reaches the uppermost l a y e r s of the e p i d e r m i s the 
whole spectrum becomes a f f e c t e d , s p e c i f i c a l l y the 
b l u e end. Colour has s h i f t e d t o a darker and l e s s 
r e d d i s h hue. Meanwhile the hyperemic c o n d i t i o n has 
s t a r t e d r e c e d i n g : blood f l o w goes on d i m i n i s h i n g , 
the p r o p o r t i o n of reduced haemoglobin i n c r e a s e s 
and l o n g - l a s t i n g blood s t a g n a t i o n t a k e s p l a c e . 
W i t h t h i s l a s t haemoglobin s h i f t , t h e r e l a t i v e 
d e p l e t i o n of the c e n t r a l r e g i o n becomes l e s s p r o -
nounced. A l l these changes can go on d u r i n g extreme-
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l y l o n g p e r i o d s of ti m e . I n f o r i n s t a n c e Edwards 
and D u n t l e y ' s e x p e r i m e n t , hyperemia i s maximal a t 
11 hours, melanin at 19 days and blood s t a g n a t i o n 
p e r s i s t e d f o r l o n g e r than nine months. Nine and a 
h a l f months a f t e r i r r a d i a t i o n - a s i n g l e one hour 
exposure t o the August mid-day sun - the r e f l e c -
tance curve had not y e t r e t u r n e d t o i t s o r i g i n a l 
v a l u e s (Edwards & D u n t l e y , 1939), 
I n s p i t e of a l l t h e o r e t i c a l knowledge of the 
e f f e c t s of the e x t e r n a l environment on p i g m e n t a t i o n , 
we have made l i t t l e p r o gress concerning the nume-
r i c a l e v a l u a t i o n of the r e l a t i o n s h i p . There are two 
•main o b s t a c l e s . F i r s t l y , we r a r e l y . h a v e enough p r e -
c i s e i n f o r m a t i o n concerning UU r a d i a t i o n l e v e l s i n 
the e n v i r o n m e n t , and, secondly, human h a b i t s - i n -
c l u d i n g t h e frequency and e x t e n t o f exposure t o r a -
d i a t i o n - do not e a s i l y lend themselves t o q u a n t i -
f i c a t i o n . We are not b e t t e r o f f c o n c e r n i n g the i n -
f l u e n c e of the i n t e r n a l m i l i e u on p i g m e n t a t i o n . No 
at t e m p t was made t o o b t a i n i n f o r m a t i o n on e i t h e r 
hormone-mediated a b n o r m a l i t i e s or c y c l i c changes of 
the i n t e r n a l e nvironment, the human body i t s e l f , 
or the p o t e n t i a l e f f e c t s of n u t r i t i o n i n s k i n co-
l o u r . Since c e r t a i n p a r t s of the q u e s t i o n n a i r e 
were a t t h i s p o i n t c o n t r o v e r s i a l enough t o some of 
those t e s t e d and since the whole t e s t was already 
time-consuming, the experimenter f e l t i t was a d v i s -
able not t o add any f u r t h e r q u e s t i o n s . The impact 
of age days- and sex on p i g m e n t a t i o n w i l l be con-
s i d e r e d i n more d e t a i l i n ot h e r s e c t i o n s . Here we 
w i l l c o n c e n t r a t e mainly on the e f f e c t s of behaviour 
on p i g m e n t a t i o n . 
When c o n s i d e r e d i n d i v i d u a l l y one would suspect 
frequency o f exposure t o r a d i a t i o n t o be the best 
p r e d i c t o r among a l l v a r i a b l e s r e g a r d i n g the i n -
f l u e n c e from the e x t e r n a l environment. We have, be-
s i d e s , d e f i n e d t h r e e c a t e g o r i e s f o r v a r i a b l e s 
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h a b i t u and h a b i t f , but the h i g h e s t of them corresponds 
t o those cases f r e q u e n t l y exposed t o not only s o l a r 
r a d i a t i o n ( u v o f t e n = l ) but also a r t i f i c i a l r a d i a t i o n 
( s l o f t e n = l ) a t the proper s i t e . Since t h i s l a s t c a t e -
gory has very Few cases i n any sample, we wonder whe-
t h e r i t would not be a d v i s a b l e t o i n t e g r a t e c a t e -
g o r i e s 1 and 2 i n t o one (exposers) as opposed to non-
exposers. A c c o r d i n g l y , we w i l l e x p l o r e v a r i a b l e 
u i a 9's v a r i a t i o n across h a b i t u ' s c a t e g o r i e s and ex-
tend our c o n c l u s i o n s t o the forehead as w e l l . This 
should be a v a l i d s t r a t e g y f o r purposes of o r i e n t a -
t i o n and any e x i s t i n g t r e n d should appear more c l e a r -
l y a t the i n n e r arm where, because of i t s being nor-
m a l l y unexposed, d i f f e r e n c e s between exposers and 
non-exposers should be'maximal. 
Table l U . I - l shows the r e s u l t from a one-way ana-
l y s i s of v a r i a n c e f o r Swedes, Spaniards and the B r i -
t i s h , For purposes of comparison 'pure' Swedes, 
Spaniards and the B r i t i s h as w e l l as Asve, Aspa and 
Agb have been i n c l u d e d along w i t h the 3/4 samples. 
The r e s u l t s f o r two and t h r e e c a t e g o r i e s are i n c l u d -
ed i n the t a b l e . The t h i r d category i s represented 
by o n l y 8 and 27 cases w i t h i n the b i g Swedish sam-
p l e s (3/4 s e l e c t i v e c r i t e r i u m ) and by e i t h e r none 
or j u s t one w i t h i n the o t h e r samples. The homo-
g e n e i t y of v a r i a n c e assumption i s a v a l i d one f o r 
a l l composite samples except f o r the Spanish females, 
and f o r a l l i n d i v i d u a l samples except f o r Asve -males 
and females- anc Spa -females. I n a l l these cases, 
however, s u b s t i t u t i n g the F - t e s t by a simple t - t e s t 
f o r two samples w i t h a df c o r r e c t i o n f o r unequal 
number of s c o r e s , a f u l l - s c a l e v i o l a t i o n of the r e -
quirement c o u l d be a v o i d e d . ^0 s e r i o u s v i o l a t i o n of 
the n o r m a l i t y assumption has presumably taken place 
e i t h e r a t t h i s l e v e l , a t l e a s t f o r the composite sam-
p l e s , s i n c e a t an i n f e r i o r l e v e l the groups s e l e c t e d 
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Table IV^1-1. Oneway anovs: uia9-habitu. 
liepend. 
1. Swe+l8we, Spa-^lapa and Gb+lgb have been studied under two a l t e r n a -
t l T e e : 'habitu' as a dichotomous r a r i a b l e ( f i r s t and eecond rows), 
and h a b i t u as a trichotomous r a r i a b l e ( f i r s t , t h i r d and fourth 
rows). Conclusions based on the r e s u l t s of c a l c u l a t i o n s t n T o l T i n g 
the t r lehotoTTious a l t e r n a t i v e are not always r e l i a b l e . 
2 . I n some cases (marked • ) the Student-t has beer, c a l c u l a t e d Instead 
of parameter P. 
3. S i g - i i f i c a n c e (+/-) has been r e f e r r e d to l e v e l 0.05. 
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B,2) p r e s e n t good f i g u r e s f o r n o r m a l i t y a t the n i n t h 
f i l t e r ( e xcept f o r B r i t i s h males and females -
k u r t o s i s ) . 
There i s a g e n e r a l t r e n d f o r i n c r e a s i n g pigmenta-
t i o n w i t h g r e a t e r exposure t o r a d i a t i o n , which goes 
un c h a l l e n g e d as long as none of the sub-groups' 
s i z e s i s s m a l l e r than t h i r t y ( a t times not even then) 
a l t h o u g h s i g n i f i c a n c e i s not always a t t a i n e d . I t s 
v a l i d i t y f o r the composite samples i s p r a c t i c a l l y 
u n i v e r s a l , t h e o n l y c l e a r e x c e p t i o n being B r i t i s h 
males ( n , s . ) , w i t h s i g n i f i c a n c e e i t h e r approached or 
a t t a i n e d by Swedes (^) and Spaniards (d' and j ) - espe-
c i a l l y by the Spanish males. The same i s t r u e a l s o 
f o r Swe ( 5 ) , Spa (cf) - most e v i d e n t again - and Aspa 
( ^ ) . The t r e n d does n o t , however, appear as s i g n i f i -
c a n t when the c o r r e l a t i o n s between uia9 and h a b i t u 
( d i c a t e g o r i c ) are examined ( t a b l e C.2), a l t h o u g h i t 
does f o r the f o u r / f i v e f i r s t f i l t e r s ( e v e n t u a l l y 
some of the o t h e r s as w e l l ) among Swedes (d' and 9) 
and Spaniards (d'). There i s a l s o a p o s i t i v e c o r r e -
l a t i o n between c r u i a and h a b i t u , e v e n t u a l l y s i g n i -
f i c a n t (Swedish d": 0.002) or close (Swedish ^: 0.074, 
Spanish ^: 0.082), whose e f f e c t on the c o r r e l a t i o n 
between p i g m e n t a t i o n and h a b i t u has not been removed 
and which c o u l d i n p r i n c i p l e be expected t o be a d d i -
t i v e and r e i n f o r c e h a b i t u ' s impact on p i g m e n t a t i o n . 
T h i s i s n o t , however, always -the case as w i l l be 
seen l a t e r . 
Because of p r a c t i c a l l i m i t a t i o n s concerning the 
s i z e of the sub-groups, d e c i d i n g whether p r e d i c t o r 
h a b i t u should r e t a i n i t s t h r e e c a t e g o r i e s i s r e a l l y 
a v a l i d issue o n l y f o r the two composite Swedish 
samples. The g r e a t e s t c o n t r a s t s e x i s t between c a t e -
g o r i e s 0 and 2 f o r Swedish males and between 0 and 1, 
p l u s 2 and 1 f o r Swedish females. A LDS post hoc 
comparison r e v e a l s them as s i g n i f i c a n t at only the 
0,10 l e v e l . I n s p e c t i o n of the p o l y n o m i a l t r e n d s when 
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the number of c a t e g o r i e s i s f u l l y a r b i t r a r y i s not 
of r e a l a s s i s t a n c e , since the best a v a i l a b l e f i t i s 
a f u n c t i o n of the e l e c t e d number, which i n t u r n 
means t h a t any best f i t might have t o be discarded 
whenever changing our c h o i c e t o a h i g h e r number of 
c a t e g o r i e s . Under those c o n d i t i o n s , abandoning the 
p e r f e c t l i n e a r i t y of the dichotomous s t a t e (a p r a c t i -
c a l advantage when d e a l i n g l a t e r w i t h r e g r e s s i o n ana-
l y s i s ) i n f a v o u r of the c o n d i t i o n a l s u i t a b i l i t y of a 
c u r v i l i n e a r f i t , which i s not s i g n i f i c a n t l y b e t t e r a t 
d e t e c t i n g between-groups d i f f e r e n c e s , does not seem 
f u l l y j u s t i f i e d . An a d d i t i o n a l o b j e c t i o n i s t h a t ha-
b i t u ' s t h i r d c a t e g o r y - i n c o n j u n c t i o n w i t h the o t h e r 
p r e d i c t o r s ( f o u r f o r the i n n e r arm) - a u t o m a t i c a l l y 
e n l a r g e s the number of sub-groups a l r e a d y e x i s t i n g 
by a f i g u r e e q u a l t o the t o t a l number of combina-
t i o n s which can be performed w i t h those f o u r v a r i a b -
l e s ' c a t e g o r i e s . This r e s u l t s i n a major r e d u c t i o n 
i n the average number of cases per sub-group, which, 
i n i t s t u r n , i s not d e s i r a b l e i n r e g r e s s i o n and ana-
l y s i s of v a r i a n c e c a l c u l a t i o n s . T h e r e f o r e , w h i l e 
s t u d y i n g the changes i n p i g m e n t a t i o n across h a b i t u ' s 
t h r e e c a t e g o r i e s i s not d e v o i d of i n t e r e s t , the d i s -
advantages brought about be r e t a i n i n g the t h i r d 
c a t e g o r y are not s u f f i c i e n t l y counterbalanced by the 
advantages, A s i m i l a r argument i s a p p l i c a b l e to 
h a b i t f as w e l l . 
An i m p o r t a n t aspect of the p r e v i o u s d i s c u s s i o n 
i s t h a t i t c o n s i d e r s a very r e l e v a n t m e t h o d o l o g i c a l 
m a t t e r , namely t h a t of d e f i n i n g and q u a n t i f y i n g the 
b e h a v i o u r a l v a r i a b l e s . O b v i o u s l y , as long as be-
h a v i o u r a l t r a i t s have t o be d e a l t w i t h under non-
l a b o r a t o r y c o n d i t i o n s , we w i l l be unable t o c o n t r o l 
and e v a l u a t e them, i n terms of e i t h e r degree or p a t -
t e r n of r e c u r r e n c e . Even w i t h a post hoc c a t e g o r i z a -
t i o n , when r e l y i n g on the human mind t o r e c o l l e c t 
past a c t i v i t i e s as the o n l y standard i n the evalua-
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t i o n of v a r i a b l e s , w i l l the accuracy of the q u a n t i -
f i c a t i o n be s e r i o u s l y j e o p a r d i z e d , s u b j e c t - as i t 
w i l l be - t o f a i l i n g memory and s u b j e c t i v i t y . At 
b e s t , a b a s i c a l l y c o n t i n u o u s v a r i a t i o n w i l l have 
been c o r r e c t l y c a t e g o r i z e d i n t o t w o / t h r e e p o s i t i o n s 
which i s i t s e l f a very u n s a t i s f a c t o r y procedure. 
One t h e o r e t i c a l way out of the problem would be 
e x a c t l y r e p r o d u c i n g the experiment under l a b o r a -
t o r y c o n d i t i o n s , i n v o l v i n g persuading hundreds of 
persons t o p a r t i c i p a t e i n an experiment t h a t , f o r 
s c i e n t i f i c r i g o u r , would r e p e a t e d l y r e q u i r e t h e i r 
c o l l a b o r a t i o n f o r s e v e r a l months. Another p o s s i b i -
l i t y contemplates augmenting the number of c a t e -
g o r i e s t o six/seven or more. For i n s t a n c e , f o r 
s b o f t e n and s l o f t e n (two of h a b i t - ' s f o u n d a t i o n s ) : 
very o f t e n , o f t e n , m o d e r a t e l y , a t t i m e e , seldom, 
never. Here, however, s u b j e c t i v i t y i n comprehend-
i n g these c a t e g o r i e s and e v a l u a t i n g one's own be-
h a v i o u r would e n l a r g e the number of misplaced cases 
and g r e a t l y endanger any p o t e n t i a l improvement. 
Such p a r t i t i o n would s t a t i s t i c a l l y demand from each 
sample a much bi g g e r s i z e than t h a t which the ex-
p e r i m e n t e r . con s i d e r e d t o be a reasonable expecta-
t i o n and, i n a d d i t i o n , i t was f e l t , i t would have 
been rese n t e d as too t e d i o u s by those t e s t e d . For 
a l l these reasons and under the p r e s e n t c i r c u m s t a n -
ces, the i d e a of s t r u c t u r i n g the b a s i c b e h a v i o u r a l 
v a r i a b l e s i n t o more than two c a t e g o r i e s was abandon-
ed as non r e a l i s t i c . 
The g r a p h i c s i n f i g u r e s I V . I - I and I\y,1-2, a t o 
f , i l l u s t r a t e the r e l a t i o n s h i p s between pigmenta-
t i o n and the most i m p o r t a n t b e h a v i o u r a l v a r i a b l e s , -
The simple beta r e g r e s s i o n c o e f f i c i e n t e - r e p r e s e n t -
ed a t the nine f i l t e r s - have been e x t r a c t e d from 
t a b l e C,2, s i n c e f o r b i v a r i a t e r e g r e s s i o n the beta 
r e g r e s s i o n c o e f f i c i e n t s are i d e n t i c a l w i t h the b i -




( c ) 
(d) 
(e) 
u i a 
habitu 
c r u i a 
cruianow 
- - 4 — ^ - r -V i 
! • i h 
! ! : i • 
: : 
daysuia 
— I . 
age 
P i p . IV. 1-1. The exposure v a r i a b l e s ard plgmer-tation. Beta r e c r e s -
s i o n c o e f f i c i e n t s : s i n p l e ( — ) a t f i l t e r s 1 to 9 and p a r t i a l ( ) 
a t f i l t e r s 1i 5 and 9 . S i t e : the inner arm. 
Sax <S 9 Site 
S«»4^ iswe 207 ( — ) 235 ( — ) 319 (—) 364 ( — ) uia 
8pa-f4apa 76 112 78 117 
Cbtlgl) 31 37 45 46 
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P i g . IV. 1-2. The exposure v a r i a b l e s and rig-ientation. Beta r e g r e s -
s i o n c o e f f i c i e n t s : simple ( — ) a t f i l t e r s 1 to 9 and p a r t i a l (- - ) 
a t f i l t e r s 1, 5 and 9. S i t e : the forehead. 
Sax J ; Site. 
Swe+iawe 211 ( — ) 223 (--) 327 ( — ) 339 ( — ) tb 
Spa+4Bpa 104 108 105 111 
Gb+igb .- 32 - 56 46 48 , , 
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r e g r e s s i o n c o e f f i c i e n t s - a t f i l t e r s 1, 5 and 9 -
have a l s o been p l o t t e d f o r comparison ( t a b l e D,1), 
In each case the e f f e c t o f the o t h e r b e h a v i o u r a l 
v a r i a b l e s has been removed from the c o r r e l a t i o n 
w i t h p i g m e n t a t i o n . No c o r r e c t i o n f o r the e f f e c t s of 
age and d a y s u i a / f h has been attempted i n t h i s sec-
t i o n . 
A l l independent v a r i a b l e s here have two ca t e g -
o r i e s l a b e l e d 0 (no t r a i t ) and 1 ( t r a i t ) . R e c a l l i n g 
t h a t i n the case o f v a r i a b l e newhat the t r a i t i s ex-
posure o f the f o r e h e a d , one c o u l d perhaps expect 
sub-groups p o s s e s s i n g the t r a i t t o be normally d a r k -
er than those which do n o t . The p a t t e r n i s , however, 
f a r from homogeneous, w i t h women p r e s e n t i n g the most 
coh e r e n t p i c t u r e . We w i l l look a t the s i t u a t i o n f o r 
males and females s e p a r a t e l y , l e a v i n g v a r i a b l e s 
cruianow and crfhnow t o be s t u d i e d i n d e p e n d e n t l y , 
1, V a r i a b l e s h a b i t u , c r u i a , h a b i t f , c r f h and newhat, 
1.a. Males. 
N e i t h e r f r e q u e n t s u n b a t h e r s nor users of p r o t e c -
t i v e creams and l o t i o n s c o n s i s t e n t l y r e f l e c t l e s s 
l i g h t a t e v e r y . f i l t e r , o f t e n a t no f i l t e r a t a l l . 
Among the p r e s e n t samples, t h i s i s t r u e of the B r i -
t i s h f o r h a b i t u ( g r e e n and red r e g i o n s ) of the B r i -
t i s h and Spaniards f o r c r u i a , of Swedes (blue and 
re d ) and Spaniards ( b l u e and green) f o r c r f h and of 
the B r i t i s h ( r e d r e g i o n ) f o r newhat. I n a l l o t h e r 
cases exposers and users are d a r k e r . Levels of s i g n i -
f i c a n c e ( t a b l e C,2) d e t e r i o r a t e w i t h decreasing s i z e 
o f t h e sample, but t h e r e i s no c l e a r l y c o n s i s t e n t 
t r e n d between b o t h ends o f the l/L spectrum. When 
comparing analogous v a r i a b l e s , the sl-g n i f I c a n c s l e -
v e l s are c o n s i s t e n t l y b e t t e r a t the inner arm, but 
no a t t e m p t was made t o see whether d i f f e r e n c e s be-
tween c o r r e s p o n d i n g c o e f f i c i e n t s were s i g n i f i c a n t or 
n o t . That was o n l y l o g i c a l s i n c e d i f f e r e n c e s bstween 
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exposers and non-exposers a t the forehead must neces-
s a r i l y be much more d i f f u s e t h a n a t the in n e r arm. 
When c o n s i d e r i n g the v a r i a b l e s , the best s i g n i f i -
cance l e v e l s are o f f e r e d by newhat, then by h a b i t -
and then by c c - . 
For v a r i a b l e newhat, Swedes and Spaniards show 
good s i g n i f i c a n c e f i g u r e s ( o f t e n a t the 0.001 l e v e l ) 
t h r o u g h o u t the f i r s t seven f i l t e r s . For h a b i t u , 
Swedes .and Spaniards have r a t h e r good l e v e l s which, 
much weakened, reappear again a t f i l t e r s 7 and 8, 
For h a b i t f , n o n - s i g n i f i c a n c e i s the r u l e ( w i t h an 
o c c a s i o n a l 0.062 a t f h 8 f o r Spaniards) except f o r 
the B r i t i s h sample ( s i g n i f i c a n t or r e l a t i v e l y c lose 
t o i t a t f i l t e r s 2, 3, 4 and 8 ) . For c r u i a non s i g -
n i f i c a n c e a g a i n , b u t the B r i t i s h e i t h e r come clo s e 
or s t a r t an approcach a t f i l t e r s 7 and 8. For a l l 
o t h e r v a r i a b l e s and a t a l l o t h e r f i l t e r s and sam-
p l e s the c o e f f i c i e n t s are f a r from s i g n i f i c a n c e . 
Even i f the p a r t i a l " r e g r e s s i o n c o e f f i c i e n t s come 
from b i g g e r samples t h e i r i n t r o d u c t i o n i n the p i c -
t u r e does not a l t e r i t s u b s t a n t i a l l y - although a 
couple of c o e f f i c i e n t s change sign (Spaniards: 
u i a 5 - c r u i a , Swedes: u i a 5 - c r f h ) - except f o r the 
f a c t t h a t now a l l p i g m e n t a t i o n - h a b i t f c o e f f i c i e n t s 
f o r t h e B r i t i s h sample have been taken out of the 
0.100-d.OOO s i g n i f i c a n c e zone. 
No ma t t e r how good or bad t h e i r s i g n i f i c a n c e 
l e v e l s , the r e g r e s s i o n c o e f f i c i e n t s r e f l e c t the 
v a r i a b l e s ' r e a l importance i n the sample c o n t e x t . 
For t h i s reason i t should be e n l i g h t e n i n g t o have 
a c l o s e r look a t them and t h e i r mutual r e l a t i o n -
s h i p s when p a r t i a l c o r r e l a t i o n s are considered. The 
r e s u l t i n g p a t t e r n among Swedes and Spaniards i s s i m i -
l a r ( f i g . I V . I - I and I\y.1-2, a t o c) i n s p i t e of 
u n d e r l y i n g d i f f e r e n c e s i n the s i g n s of the newhat-
d a y s f h age-daysuia, age-daysfh and habitu-age co-
e f f i c i e n t s ( f i g . I I I . 3 - 3 ) . The c o n t r a d i c t i o n i s , how-
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e v e r , more a p p a r e n t t h a n r e a l s i n c e a t l e a s t one 
o f t h e p a i r o f c o e f f i c i e n t s i n e a c h case i s v e r y 
l o w . I n b o t h samples e x p o s e r s a t e i t h e r s i t e a r e 
d a r k e s t , l u h i c h a g r e e s l u e l l l u i t h t h e f a c t t h a t t h e y 
have as a r u l e s u n b a t h e d more r e c e n t l y (good s i g -
n i f i c a n c e ) and u i i t h a p o s i t i v e o f t e n good c o r r e -
l a t i o n betiueen p i g m e n t a t i o n and d a y s u i a . Bare 
f o r e h e a d s a r e a l s o d a r k e r i n b o t h s a m p l e s , i n ac-
c o r d a n c e u / i t h t h e f a c t t h a t b a r e f o r e h e a d s had 
been e x p o s e d more r e c e n t l y t o r a d i a t i o n ( a l t h o u g h 
o n l y t h e Stuedish f i g u r e u;as s i g n i f i c a n t ) . Users o f 
p r o t e c t i v e creams a r e l i g h t e r a t t h e i n n e r arm 
among S p a n i a r d s , d a r k e r among Siuedes and b o t h 
l i g h t e r and d a r k e r - d e p e n d i n g on t h e l u a u e l e n g t h -
a t t h e f o r e h e a d . ( l o i u c o e f f i c i e n t s a l l o v e r ) . Con-
s i d e r i n g t h e u n d e r l y i n g c o r r e l a t i o n s and t h o s e o f 
d a y s - and age u / i t h p i g m e n t a t i o n , p i g m e n t a t i o n -
c r u i a f o r S p a n i a r d s and p i g m e n t a t i o n - c r f h f o r 
Swedes a r e a p p a r e n t l y n o t c o h e r e n t w i t h t h e r e s t , 
u n t i l a ge-days- i s i n t r o d u c e d i n t o t h e p i c t u r e . 
Among t h e B r i t i s h , on t h e i n n e r arm e x p o s e r s 
a r e l i g h t e r a t t h e r e d and g r e e n r e g i o n s o f t h e 
s p e c t r u m and on t h e f o r e h e a d t h e y a r e d a r k e r , 
w h i c h a g r e e s w e l l w i t h d a y s ^ ' s and age's i m p a c t 
on h a b i t - ' s v f a t h e c o r r e l a t i o n s h a b i t u - d a y s - , 
h a b i t f - d a y s - , h a b i t u - a g e and h a b i t f - a g e . Users o f 
creams a r e t o t a l l y l i g h t e r o r p a r t i a l l y so, de-^ 
p e n d i n g on w h e t h e r t h e i n n e r arm o r t h e f o r e h e a d 
a r e c o n s i d e r e d . The p a t t e r n i s i n agreement w i t h 
t h a t one o f f e r e d by d a y a - and age w i t h pigmen-
t a t i o n and w i t h t h e u n d e r l y i n g c o r r e l a t i o n s o f 
d a y s ^ and age w i t h c r u i a and c r f h , 
l . b . Females, 
U n l i k e m a l e s , e x p o s e r s a r e a l w a y s d a r k e r ( e x -
c e p t f h 5 - h a b i t f f o r S p a n i a r d s ) . U s e r s are most 
o f t e n l i g h t e r : S p a n i a r d s and t h e B r i t i s h a t t h e 
i n n e r arm and S p a n i a r d s , Swedes and t h e B r i t i s h 
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( g r e e n - r e d r e g i o n s ) a t t h e f o r e h e a d . B a re f o r e h e a d s 
a r e d a r k e r a t most f i l t e r s ( e s p e c i a l l y among Swedes 
and t h e B r i t i s h ) , L e v e l s o f s i g n i f i c a n c e d e t e r i o r a t e 
with d e c r e a s i n g sample s i z e , b u t n o t c l e a r l y a l o n g 
t h e s p e c t r u m o f v i s i b l e l i g h t . I n g e n e r a l , t h e y a r e 
w o r s e t h a n among m a l e s . The s i g n i f i c a n c e l e v e l s a r e 
a g a i n n o r m a l l y b e t t e r a t t h e i n n e r arm. Among t h e 
v a r i a b l e s , t h e b e s t s i g n i f i c a n c e l e v e l s b e l o n g t o 
h a b i t u , f o l l o u j e d by n e i u h a t , h a b i t f and t h e n c r - . 
V a r i a b l e neiuhat n e v e r r e a c h e s s i g n i f i c a n c e a t t h e 
0,01 l e v e l b u t , f o r t h e t h r e e f i r s t f i l t e r s among 
Siuedes and f i l t e r s number 6 and 7 among S p a n i a r d s , 
i t v a r i e s betu/een 0,09 and 0 , 0 1 , H a b i t u ( f i l t e r s 1 
t o 5, p l u s 7 and 8) and h a b i t f ( f i l t e r s 2 and 4) shoiu 
s i g n i f i c a n c e l e v e l s l u h i c h a l s o f l u c t u a t e betujeen 
0,09 and t h e v i c i n i t y o f 0 . 0 1 , C r u i a shoms s i g n i f i -
c a n t f i g u r e s a r o u n d 0,08 among Su/edes ( t h i r d f i l t e r ) 
and S p a n i a r d s ( s i x t h and s e v e n t h f i l t e r s ) . For o t h e r 
v a r i a b l e s , samples and f i l t e r s s i g n i f i c a n c e f i g u r e s 
a r e au>ay f r o m any c u r r e n t l y a c c e p t e d l e v e l . The i n -
t r o d u c t i o n o f t h e p a r t i a l c o r r e l a t i o n c o e f f i c i e n t s 
d o e s n o t a l t e r t h e p i c t u r e s u b s t a n t i a l l y , i n s p i t e 
o f c h a n g e o f s i g n o f two c o e f f i c i e n t s (Su/edes: u i a 9 -
c r u i a and t h e B r i t i s h : u i a 9 - h a b i t f ) , 
C o n s i d e r i n g nou» t h e p a r t i a l c o r r e l a t i o n s , e x p o s e r s 
a r e a t e i t h e r s i t e d a r k e r ( p r a c t i c a l l y w i t h o u t e x -
c e p t i o n ) . U s e r s o f creams a r e l i g h t e r , e x c e p t f o r 
Su/edes a t t h e i n n e r arm and t h e B r i t i s h - p a r t i a l l y -
a t t h e f o r e h e a d . Bare f o r e h e a d s a r e d a r k e r a l t h o u g h 
n e v e r a t t h e t h r e e f i l t e r s . The p a t t e r n s f o r h a b i t u , 
c r u i a and c r f h among t h e t h r e e s a m p l e s a g r e e well 
u / i t h t h e u n d e r l y i n g r e l a t i o n s h i p s e x i s t i n g between 
t h o s e v a r i a b l e s and d a y s - p l u s age. F o r h a b i t f , 
Swedes and S p a n i a r d s a g r e e w e l l a l s o when c o n s i d e r i n g 
t h e s t r e n g t h i n t h e i r u n d e r l y i n g c o r r e l a t i o n s b u t t h e 
B r i t i s h need f u l l e r e x p l a n a t i o n . When t u r n i n g t o 
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n e w h a t , o n l y Swedes a g r e e w e l l w i t h t h e c o r r e l a t i o n s 
i n t h e b a c k g r o u n d , 
2, V a r i a b l e s c r u i a n o w and c r f h n o w . 
E x t r e m e l y f ew men i n t h e samples wear creams o f 
some k i n d w h i l e been t e s t e d , e i t h e r on t h e i n n e r 
p a r t o f t h e u p p e r arm or on t h e f o r e h e a d ( l o w e s t : 
0.73 %, Swedes; h i g h e s t : 6.82 %j B r i t i s h ) , and few 
women wear them on t h e i n n e r arm ( l o w e s t : 4.08 %, 
t h e B r i t i s h ; h i g h e s t : 5,65 %, S p a n i a r d s ) . W i t h popu-
l a t i o n f r e q u e n c i e s o f t h a t g e n e r a l o r d e r o f magni-
t u d e t h e r e i s a d i s t i n c t i v e chance f o r means w i t h i n 
a s a m p l e ' s l e s s common c a t e g o r i e s t o d e p a r t c o n -
s i d e r a b l y f r o m t h e p o p u l a t i o n v a l u e s , c o n s e q u e n t l y 
e n d a n g e r i n g t h e r e l i a b i l i t y o f o b s e r v e d t r e n d s and 
a s s o c i a t i o n s . F o r t h i s r e a s o n t h e r e s u l t s o b t a i n e d 
f o r t h e s e two v a r i a b l e s a r e n o t t o t a l l y r e l i a b l e . 
For women's f o r e h e a d s t h e s i t u a t i o n i s c o m p a r a b l e 
w i t h t h a t o f o t h e r v a r i a b l e s s i n c e t h e use o f 
c o l o u r i n g c r e a m s , g e n e r a l l y as make-up, i s much more 
f r e q u e n t , ' 
When c o m p a r i n g c o r r e s p o n d i n g s a m p l e s , s i g n i f i -
c a n c e l e v e l s a r e a l w a y s b e t t e r f o r f e m a l e s . W i t h i n 
e v e r y sample t h e y a r e a l s o b e t t e r a t t h e f o r e h e a d , 
e x c e p t among S p a n i s h women where t h e o p p o s i t e i s 
t r u e . When d i s p l a y e d , s i g n i f i c a n c e i s n o r m a l l y shown 
by some o f t h e f i r s t f i v e o r seven f i l t e r s , b u t oc-
c a s i o n a l l y a l s o by some o f t h e f o u r l a s t f i l t e r s -
i s o l a t e d . W i t h i n t h e s i g n i f i c a n t b l o c k t h e r e i s no 
c l e a r t r e n d as t o w h e t h e r s i g n i f i c a n c e f i g u r e s i m-
p r o v e o r n o t t o w a r d s t h e b l u e r e g i o n o f t h e spec-
t r u m . A l s o , when c o n s i d e r i n g sample s i z e t h e t e n d -
e n c y i s u n c l e a r , a l t h o u g h t h e B r i t i s h show c o n s i s t - ^ 
e n t l y t h e w o r s t f i g u r e s . A c c e p t a b l e ( o r n e a r l y s o ) 
f i g u r e s v a r y n o r m a l l y between 0.060 and 0.020 b u t 
some r e a c h even beyond t h e 0.010 l e v e l . 
O n l y t h e S p a n i s h f e m a l e s ( c r u i a n o w ) and t h e 
S w e d i s h f e m a l e s ( c r f h n o w ) show b l o c k s w i t h a t l e a s t 
a c c e p t a b l e s i g n i f i c a n c e l e v e l s . I n t r o d u c t i o n o f t h e 
p a r t i a l c o e f f i c i e n t s does n o t a l t e r t h e p a t t e r n ap-
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p r e c i a b l y , e x c e p t f o r t h e t o t a l e x t r a c t i o n o f t h e 
S p a n i s h f e m a l e s ( c r u i a n o w ) and t h e B r i t i s h f e m a l e s 
( c r f h n o w ) f r o m t h e 0,100-0,000 s i g n i f i c a n c e zone. 
When t u r n i n g t o t h e p a r t i a l c o r r e l a t i o n s , i n n e r 
arms w e a r i n g creams a r e p r e d o m i n a n t l y l i g h t e r , ex-
c e p t f o r B r i t i s h f e m a l e s . F o r e h e a d s among males a r e 
a l s o m a i n l y l i g h t e r , e x c e p t among S p a n i a r d s , where-
as t h e y a r e m o s t l y d a r k e r among f e m a l e s . The p a t t e r n 
does n o t seem t o f i t w e l l w i t h t h e most v i s i b l e o f 
t h e u n d e r l y i n g c o r r e l a t i o n s , a t t h e i n n e r arm f o r 
S p a n i a r d s ( m a l e s and f e m a l e s ) and a t t h e f o r e h e a d 
fGa-.'Spaniards and B r i t i s h ( b o t h males and females),-
I t a g r e e s w e l l , on t h e o t h e r hand, w i t h t h e assump-
t i o n t h a t most creams used by men a t e i t h e r s i t e and 
by women on t h e i n n e r arm a r e g e n e r a l l y o f t h e non-
c o s m e t i c k i n d ( e . g . a n t i - a c n e s a l v e s , h u m i d i f y i n g 
o i n t m e n t s , e t c ) , and a r e i n s t e a d m a i n l y c o l o u r l e s s 
o r w h i t i s h , g l o s s y and - p r e s u m a b l y - e f f i c i e n t r e -
f l e c t a n t s , w h i l e t h o s e a p p l i e d by women on t h e f o r e -
head a r e n o r m a l l y c o l o u r e d make-up. 
A l t h o u g h some g e n e r a l i z a t i o n s can be made, t h e r e 
seems t o be l i t t l e chance f o r e x t r a c t i n g any s o r t o f 
g e n e r a l p a t t e r n f r o m what has been i n d i c a t e d . An i n -
d e p e n d e n t v a r i a b l e ' s i n t e r n a l v a r i a t i o n does n o t 
a l w a y s p r o d u c e t h e same k i n d o f i m p a c t on t h e de-
p e n d e n t v a r i a b l e , p i g m e n t a t i o n , a c r e s s samples o r 
even a l o n g f i l t e r s w i t h i n e ach sample. One m i g h t p e r -
haps e x p e c t t h a t , w i t h i n a c e r t a i n sample and f o r a 
v a r i a b l e X^, a change o f a c e r t a i n k i n d f r o m c a t e g -
o r y t o c a t e g o r y C2 w o u l d a l w a y s be accompanied 
by a d e f i n i t e s o r t o f change i n t h e i n d e p e n d e n t v a r i -
a b l e , i m p l y i n g c o n s t a n c y i n a t l e a s t t h e d i r e c t i o n 
o f t h e e f f e c t s a l o n g t h e s p e c t r u m . But t h i s i s n o t 
t h e c a s e . U n d o u b t e d l y , g r e a t e r sample s i z e s a r e l i k e -
l y t o i m p r o v e t h e p i c t u r e somewhat, b u t i t i s v e r y 
i m p r o b a b l e t h a t t h i s i s t h e o n l y r e a s o n . I n d e e d , 
among p h y s i c a l o b j e c t s n o t d i f f e r i n g t o o much i n 
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c o l o u r , i t i s a common s i t u a t i o n w i t h i n a p a i r t h a t 
one be l i g h t e r t h a n t h e o t h e r a t c e r t a i n r e g i o n s o f 
t h e r e f l e c t a n c e c u r v e and d a r k e r a t t h e r e m a i n i n g 
o n e s . When e x t r a p o l a t i n g t o human s k i n s a r r a n g e d i n 
d i c h o t o m i e s a c c o r d i n g t o c o l o u r , i t must be b o r n e 
i n m i n d t h a t e a c h c a t e g o r y w i l l i n c l u d e s k i n s a t 
d i f f e r e n t s t a g e s a l o n g t h e e r y t h e m a t i c , h y p e r e m i c 
and m e l a n i z i n g p r o c e s s e s , t o g e t h e r i n c o m b i n a t i o n 
p r o d u c i n g a complex a v e r a g e r e f l e c t a n c e c u r v e t o 
w h i c h t h e o b s e r v a t i o n s above s h o u l d be made e x t e n -
s i v e , 
E dwards and D u n t l e y ' s e x p e r i m e n t ( 1 9 3 9 ) p r o v i d e s 
us w i t h a g r a p h i c a l a c c o u n t o f how such a s i t u a t i o n 
c a n a r i s e f o r a v a r i a b l e s u c h as f o r i n s t a n c e , 
h a b i t u . F i g u r e I\/,1-3 i l l u s t r a t e s a s i n g l e s k i n ' s 






? l g . IV.1-3. Spectrophotometric currea of the akin a f t e r a 
a l n g l e exposure to sunlight. Rypereaia (oxyhemoglobin) l a 
maximal a t 11 houra, melanin a t t9 dajra and aelanold a t 4 
months. Blood atagnatlont as reglatered hj reduced hemo-
globin, p e r s i s t s froD the time of the e a r l y disappearance 
of hyperemia f o r over nine months. 
( A f t e r Edwards * Duntley, 1939). 
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c h r o m a t i c e v o l u t i o n a f t e r "a s i n g l e one-hour ex-
p o s u r e t o t h e m i d - d a y sun ( i n A u g u s t ) " . Each p a i r 
o f r e f l e c t a n c e c u r v e s c o u l d i n p r i n c i p l e be t a k e n 
t o r e p r e s e n t any o f o u r samples w i t h t h e i r two 
c a t e g o r i e s . F o r e v e r y i n t e r s e c t i o n between t h e 
c u r v e s u n d e r c o n s i d e r a t i o n t h e r e w i l l be a change 
o f s i g n i n t h e c o r r e l a t i o n c o e f f i c i e n t . C e r t a i n 
c u r v e s a r e more l i k e l y t o r e p r e s e n t one o f t h e 
c a t e g o r i e s t h a n t h e o t h e r b u t w i t h i n each p a i r , 
t h e i r r e l a t i v e p o s i t i o n and t h e d i s t a n c e between 
them a d m i t t h e o r e t i c a l l y an i n f i n i t e number o f 
p o s s i b i l i t i e s . Two o f t h e s e have been p l o t t e d 
( f i g , I V , 1 - 5 ) f o r each o f t h e t e n b a s i c a v a i l a b l e 
c o m b i n a t i o n s . I t c a n be shown, f i g , I V , 1 - 4 , t h a t 
For d i c a t e g o r i c i n d e p e n d e n t v a r i a b l e s w i t h v a l u e s 
0 and 1 , t h e d e p e n d e n t v a r i a b l e ' s r e g r e s s i o n on 
them i 3 e x p r e s s e d a t each w a v e l e n g t h by a c o r r e -
l a t i o n c o e f f i c i e n t e q u a l t o 
A y . . ( s ^ / 3 y ) ( l U . 1 - 1 ) 
.T=refTectance 
( i l i a o r f h ) 
a) b) change 




y = r e f l e c t a n c e 
( u l a o r f h ) 
rt x = h a b l t u 
(A=con9tant^ 
I f t h e Indeperdent v a r i a b l e l a dichotomtjua and I t s two ral'iea d i f f e r 
by one u n i t , the r e g r e a a l o n c o e f f i c i e n t f o r h l T s r l a t e c o r r e l a t i o n , 
3 = A r / l x , I s equal t o A.7. 
Since f n r b l v a r l a t e c o r r e l a t i o n the c o r r e l a t i o n c o e f f i c i e n t , r , l a 
i d e n t i c a l t o the beta r e g r e s s i o n c o e f f i c i e n t , beta=3.{Sx/Sy), I t a 
v a l u e w i l l be 
r =» Ay. 
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TU. I T . 1-5. C o B p « r l i o n » b a t w a t n r e f l * : t « n o « e u r r w r « p r « i , n t l n « 
p a i r * o f a t a f a a a l o n / ? t h a e e q u a n e a o f p l g m a n t a P T o h a n a a a f o l l o w l i u r 
a x p o a n r a to tJ7 r m d l a t l o n . 
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w h e r e A y i s t h e a l g e b r a i c d i f f e r e n c e between t h e 
d e p e n d e n t v a r i a b l e ' s means f o r c a t e g o r i e s C^(x=Q) 
and C^(x = l ) , Y-^'y^t t h e a p p r o p i a t e w a v e l e n g t h , 
and 3 and s a r e t h e i r s t a n d a r d d e v i a t i o n s , Y. y X I 
and y ^ can be measured i n d e v i a t i o n s c o r e s o r g r o s s 
s c o r e s . The s i g n o f t h e c o r r e l a t i o n c o e f f i c i e n t 
d e p e n d s t h u s e n t i r e l y on A y ' s s i g n , w h i l e s^ i s 
c o n s t a n t w i t h i n each sample and s 's r o l e i s t o 
y 
m o d i f y A y ' s n u m e r i c a l v a l u e . 
Any k i n d o f a g e n t p r o d u c i n g d i s p e r s a l / c o n c e n -
t r a t i o n a n d / o r g r o u p d i s p l a c e m e n t o f t h e r e f l e c -
t a n c e v a l u e s , d i f f e r e n t i a l l y m a n i f e s t e d a c r o s s 
c a t e g o r i e s o f v a r i a b l e X. and a l o n g w a v e l e n g t h s , 
w o u l d t e n d t o d i v e r s i f y t h e b i v a r i a t e c o r r e l a t i o n 
v a l u e s a l o n g t h e s p e c t r u m , r e m o v i n g them f r o m t h o s e 
e x i s t i n g i f t h e i n d i v i d u a l s i n b o t h c a t e g o r i e s were 
s u b j e c t e d t o t h e same b e h a v i o u r a l c o n d i t i o n s . 
E r y t h e m a , h y p e r e m i a and m e l a n i z a t i o n a r e such 
a g e n t s . E r y t h e m a c a u s e s d e p l e t i o n o f t h e b l u e and 
g r e a n ' r e g i o n s o f t h e s p e c t r u m , w h i l e h y p e r e m i a p r o -
ducaa. m a i n l y d e c r e a s e o f r e f l e c t a n c e i n t h e g r e e n 
r e g i o n ' and m e l a n i z a t i o n d e p l e t e s f i r s t t h e r e d r e -
g i o n and a f t e r w a r d s t h e w h o l e s p e c t r u m , b u t s p e c i -
f i c a l l y t h e b l u e e n d . I n a d d i t i o n , t h e t h r e e o f 
then* - by i n t r o d u c i n g new mechanisms t o w h i c h each 
body^ c o n s t i t u t i o n r e s p o n d s i n i t s own s p e c i f i c way-
I n t r o d u c e i n t e r n a l v a r i a t i o n i n t o t h e p i c t u r e . 
S i n c e ; t h e y a f f e c t d i f f e r e n t r e g i o n s o f t h e s p e c t r u m , 
t h a t a t w h i c h t h e g r e a t e s t d i f f e r e n c e between c a t -
e g o r i e s w i l l t a k e p l a c e m a i n l y depends on t h e r e l a -
t i v e i m p o r t a n c e o f t h e a f o r e m e n t i o n e d f a c t o r s a t 
t h e t i m e t h e measurements were t a k e n - w h i c h l e a d s 
l o g i c a l l y t o t h e i n t r o d u c t i o n o f v a r i a b l e t i m e i n 
t h e p i c t u r e , s i n c e t h i s one r e g u l a t e s t h e e v o l u t i o n 
o f t h e t h r e e p r o c e s s e s . T h i s a n a l y s i s w i l l f o r t h e 
moment be p o s t p o n e d t o a n o t h e r s e c t i o n . I n g r a p h i c s 
a t o j ( f i g , I V , 1 - 5 ) each p a i r o f c u r v e s s t a n d s f o r 
t h e a v e r a g e r e f l e c t a n c e c u r v e s r e p r e s e n t i n g t h e two 
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( 1 1 ) (l>ul«). 
4.163 0.723 17.556 
.00967 
.00674 
( A 5 ) (Dulg) 
2.671 0.449 20.340 
,04785 
00315 
( 1 1 ) (Du,) 
5.120 11.696 6.760 
.02094 
. 0 1 5 0 9 
5.503 0.525 0.397 
. 0 0 0 9 5 
.02544 
U l ) (Duln) 
2.440 7.846 0.810 
08105 
0 1 4 1 5 
( A 3 ) ( B u i ) 
9.518 0.689 0.176 
00868 
00773 
( 1 2 ) (Duln) 
1.640 0.792 4.666 
.02064 
.00177 
2.276 0.518 10.112 
.04995 
,00040 
( 1 1 ) (Dulg) 










. 0 0 3 3 2 
00776 
1.109 
( 1 2 ) 
0.325 
(Du l n ) 
2.822 
,01114 
0 0 6 2 3 
( 1 1 ) (Dulg) 
1.756 6 . 3 0 0 1 0 . 6 9 5 
0 5 9 9 1 
0 0 4 5 1 
( 1 1 ) (Dulg) 
6.290 9.242 2.132 
.01225 
. 0 1 9 5 0 
.00048 
5 . 2 0 1 
( 1 3 ) (Dulg) 
1 . 3 6 9 0.774 
225 3 3 9 106 111 
0 0 0 0 5 
00185 
0 1 1 9 4 
04546 
( 1 1 ) ( D f l g ) 
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( 1 3 ) 
0.058 
( D f l ) 
3.648 
0 2 0 3 1 
02438 
(A5) (Dulg) 





( A l ) 
16.454 11.972 
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(A5) ( D f 5 ) 
4 . 0 1 6 6 . 5 5 4 1 . 5 2 3 
00165 
0 0 3 7 4 
00674 
° 2 " 0 ( 1 1 ) ( D f l n ) 






( A l ) 
0.449 
( D f l g ) 
2.016 




6 . 2 0 2 
( 1 1 ) 
17.724 
( D f i n ) 
4.000 
.00488 
. 0 0 1 0 3 
.00584 
( 1 1 ) (Dflg ) l 
3.025 15.104 1.742 
00012 
00542 
0 0 5 1 5 
(^,) ( O f , ) 




( 1 1 ) ( D f i n ) 




(12) ( D f l g ) 












. 0 0 0 4 4 
.04269 
6.696 
( A l ) 
2.T.10 
( D f l n ) 
2.993 
.00883 
. 0 0 3 4 9 
. 0 0 9 1 9 
.00602 
2 . 7 5 4 
( 1 1 ) (Df5) 
6.452 0.593 
T a b l e IV.1-2. Percentagea of pigmentary • a r i a b i l i t y explained by each 
of the behaTloural T a r i a b l e a ( l ) and by the two best p r e d i c t o r a aaong 
a l l f unctlona of age ( l l ) and daya- ( I I I ) . 
Legend. 
1. T o t a l a are r e f e r r e d to 100. I l l other f i g u r e s are r e f e r r e d to 1 . 
2. Jlo e o r r e c t i o n a f o r the I n t e r o o r r e l a t i o n a between p r e d i c t o r a hare 
been made. 
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c a t e g o r i e s o f one o f t h o s e d i v e r s i f y i n g a g e n t s -
h a b i t u , f o r i n s t a n c e . y i s p l o t t e d on o r d i n a t e s . 
By d i s p l a c i n g t h e c u r v e s r e s p e c t t o each o t h e r , a 
whole f a m i l y o f y's can be o b t a i n e d . 
A c o r r e s p o n d i n g absence o f a g e n e r a l p a t t e r n 
makes i t s e l f f e l t when c o n s i d e r i n g t h e i n d i v i d u a l 
and c o m b i n e d c o n t r i b u t i o n s o f t h e b e h a v i o u r a l v a r i -
a b l e s t o v a r i a t i o n w i t h i n t h e de p e n d e n t v a r i a b l e . 
The v a l u e s a r e g i v e n i n t a b l e TV.1-2. Other t h a n 
s a y i n g t h a t , when c o m p a r i n g homologous sampl e s , t h e 
b e h a v i o u r a l v a r i a b l e s a r e as a r u l e more e f f i c i e n t 
i n p r o d u c i n g i n t e r n a l v a r i a t i o n among men t h a n among 
women a t b o t h s i t e s ( o n l y c l e a r e x c e p t i o n : t h e B r i t i s h 
a t t h e i n n e r a r m ) , t h e r e i s l i t t l e room f o r homogen-
e i t y o f e f f e c t s i n t h e p i c t u r e . Among women i t i s 
a l w a y s among t h e B r i t i s h t h a t t h e g r e a t e s t p e r c e n t a g e 
o f p i g m e n t a r y v a r i a t i o n i s e x p l a i n e d by t h e combined 
e f f e c t s o f t h e b e h a v i o u r a l v a r i a b l e s . Among men t h e 
same i s t r u e f o r S p a n i a r d s a t t h e i n n e r arm and f o r 
t h e B r i t i s h a t t h e f o r e h e a d . Twice among t h e B r i t i s h 
and once among S p a n i a r d s , p e r c e n t a g e s appear w h i c h 
seem r a t h e r t o o h i g h when compared w i t h t h e o t h e r s . 
P a r t l y a t l e a s t , t h i s can be owed t o t h e e f f e c t o f 
v a r i a b l e s d a y s - and age w h i c h has n o t been removed 
f r o m t h e c o r r e l a t i o n s between p i g m e n t a t i o n and t h e 
b e h a v i o u r a l v a r i a b l e s . I n a l l t h e s e c ases some h i g h e r -
t h a n - n o r m a l c o r r e l a t i o n s c r o p up between some o r a l l 
o f t h e v a r i a b l e s i n v o l v e d . Whenever some o f t h o s e 
h i g h p e r c e n t a g e s appear t h e y a r e m a i n l y t h e r e s u l t 
o f h a b i t u ' s c o n t r i b u t i o n - a t t h e i n n e r arm - o r o f 
n e w h a t ' s c o n t r i b u t i o n - a t t h e f o r e h e a d , among 
S p a n i a r d s , S i n c e Swedes a r e n o t r e p r e s e n t e d i n 
e i t h e r c a s e , t h i s seems t o s u g g e s t t h a t among them 
t h e d i s t i n c t i o n between e x p o s e r s and n o n - e x p o s e r s i s 
n o t as ' c l e a r - c u t as among S p a n i a r d s and t h e B r i t i s h , 
where h a b i t u s t a n d s f o r . m o s t o f t h e e x p l a i n e d v a r i -
a n ce. Such e x p l a n a t i o n can h a r d l y be a c c e p t e d a t t h e 
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f o r e h e a d , among S p a n i a r d s , where t h e d i s t i n c t i o n 
e x p o s e r s / n o n - e x p o s e r s does n o t make much sense, 
r a t h e r i s t h e i n t e n s i t y o f t h e S p a n i s h sun - v i a 
v a r i a b l e newhat - p o s s i b l y t o be h e l d r e s p o n s i b l e 
f o r most o f t h e e x p l a i n e d v a r i a n c e . To c o n c l u d e , i t 
w o u l d a l s o seem t h a t a t t h e f o r e h e a d - under t h e 
c l o u d y sky o f B r i t a i n - i t i s a g a i n p e r s i s t e n c e and 
n o t t h e sun's s t r e n g t h w h i c h i s r e s p o n s i b l e f o r t h e 
h i g h e r - t h a n - n o r m a l e x p l a i n e d p e r c e n t a g e s . 
Summary The p r o b l e m s i n v o l v e d i n t h e c h o i c e o f a s t r a t -
egy f o r t h e c a t e g o r i z a t i o n o f t h e e x p o s u r e v a r i a b l e s , 
and t h e r e a s o n s f o r d e c i d i n g i n f a v o u r o f t h e d i c h o t -
omous a l t e r n a t i v e f o r h a b i t u and h a b i t f have been 
d e a l t w i t h i n some d e t a i l . 
I n o r d e r t o a t t a i n a b e t t e r u n d e r s t a n d i n g o f t h e 
d y n a m i c s o f t h e p i g m e n t a t i o n p r o c e s s , t h e sequence o f 
changes caused i n t h e s k i n by e x p o s u r e t o U V - r a d i a t i o n 
has been s u c c i n t l y r e v i e w e d i n t h i s s e c t i o n . B e s i d e s , 
the. p o s s i b i l i t y o f u s i n g t h i s k n o w l e d g e as a t o o l -
i n e x p l a i n i n g . t h e a p p a r e n t d e v i a t i o n a t c e r t a i n f i l -
t e r s L f r o m t h e g e n e r a l i z e d t r e n d s ' - has been empha^ • 
s i s e d . I t s u l t i m a t e a p p l i c a t i o n m u s t , however, be 
v a l i d a t e d a g a i n s t f o r m u l a I \ y , 1 - 1 , 
T a b l e X-1 ( a n d t h e t e x t o f t h e c o n c l u s i o n s e c t i o n ) 
resume i n s c h e m a t i c f o r m t h e most i m p o r t a n t t r a i t s 
o f t h e c o r r e l a t i o n s between t h e b e h a v i o u r a l v a r i a b l e s 
and p i g m e n t a t i o n ( f i l t e r s 1 t o 9 ) , 
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I V , 2 . The n a t u r a l decay o f t a n . 
The n a t u r e and e v o l u t i o n o f t h e changes i n i t i a t e d 
by U V - i r r a d i a t i o n o f human s k i n has a l r e a d y been 
e x a m i n e d e l s e w h e r e . I n agreement w i t h t h a t k n o w l e d g e , 
t h e s c a t t e r g r a m u i a 9 - d a y s u i a has been s e l e c t e d as 
t h e most s u i t a b l e t o o l t o g r a p h y c a l l y s t u d y t h e c o r -
r e l a t i o n o f p i g m e n t a t i o n w i t h t h e t i m e p e r i o d e l a p s e d 
s i n c e t h e l a s t e x p o s u r e t o r a d i a t i o n . As f r e q u e n t l y 
done t h r o u g h t h i s c h a p t e r , o n l y t h e n i n t h f i l t e r w i l l 
be c o n s i d e r e d f o r a d e t a i l e d s t u d y o f t h a t k i n d , t h e 
o t h e r s been m e r e l y r e p o r t e d w i t h o u t - u s u a l l y -
much f u r t h e r e l a b o r a t i o n . C o n s i d e r i n g f o r a l l n i n e 
f i l t e r s t h e s t a t i s t i c a l i n f o r m a t i o n g r a d u a l l y accumu-
l a t i n g a t each o f them, w i t h o u t t h e e x i s t e n c e o f an 
a p p r o p i a t e m e t h o d o l o g y t o d e a l w i t h i t as a s i n g l e 
u n i t i n o r d e r t o o b t a i n r e s u l t s w h i c h are m e a n i n g f u l 
n o t o n l y f r o m a m a t h e m a t i c a l p o i n t o f v i e w , b u t a l s o 
f r o m a p h y s i c a l - i s n o t o n l y e x t r e m e l y cumbersome 
b u t i t f a i l s t o l e a d t o any c o n c l u s i o n o r r e s u l t o f 
g e n e r a l , c o n c e p t u a l p h y s i c a l v a l i d i t y . Nine f i l t e r s 
a r e s i m p l y e i g h t t o o many f o r i n f o r m i n g on m e l a n i n 
c o n c e n t r a t i o n and i n f i n i t e l y t o o few t o r e p r e s e n t a 
c o l o u r , i f n o t t o i n f o r m a b o u t i t . I n s t e a d , r e f l e c -
t a n c e r e a d i n g s o n l y a t . t h e n i n t h f i l t e r were s e l e c t e d 
s i n c e t h e s e have been shown t o be i n d e p e n d e n t on v a r i -
a t i o n s i n b l o o d c o n t e n t and l i n e a r l y r e l a t e d t o t h e 
i n v e r s e o f m e l a n i n c o n c e n t r a t i o n ( j a n s e n , 1953; 
H a r r i s o n & Owen, 1956/7; Harmse, 1 9 5 4 ) , f o r w h i c h 
r e a s o n - i n c o m b i n a t i o n . w i t h t h e unexposed n a t u r e o f 
t h e s e l e c t e d s p o t - t h e y seem t o p r o v i d e a p e r f e c t 
t o o l f o r s t u d y i n g t h e g r a d u a l changes i n m e l a n i n 
c o n t e n t w i t h i n c r e a s i n g t i m e d i s t a n c e f r o m t h e l a s t 
e x p o s u r e . 
Whenever t h e b i v a r i a t e c o r r e l a t i o n c o e f f i c i e n t was 
f o u n d t o be s i g n i f i c a n t ( a t t h e 0.05 l e v e l ) t h e l i n -
e a r f i t was p l o t t e d ( f i g . I V . 2 - 1 , a t o f ) . Among 
Swedes, males and f e m a l e s , and t h e B r i t i s h males t h e 
d i s t r i b u t i o n o f r e f l e c t a n c e r e a d i n g s w i t h d a y s u i a 
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s i z e s o f t h e s c a t t e r g r a m samples were i n some cases . 
b i g g e r t h a n t h o s e p r o v i d i n g t h e c o e f f i c i e n t s f o r 
t a b l e C.2, s i n c e h e r e more cases were d e l e t e d be-
cause o f one o r more v a r i a b l e s p r e s e n t i n g m i s s i n g 
v a l u e s , and i n one i n t a n c e (Swedes, m a l e s ) t h e 
c h a r a c t e r o f t h e s i g n i f i c a n c e f i g u r e changed: non 
s i g n i f i c a n t i n t a b l e C.2. The c o r r e s p o n d i n g v a l u e s 
f o r t h e f o r e h e a d a r e as f o l l o w s : s i g n i f i c a n t R 
among Swedish m a l e s , a p p r o a c h t o s i g n i f i c a n c e among 
S p a n i s h m a l e s and B r i t i s h f e m a l e s . The s i g n o f t h e 
c o e f f i c i e n t i s p o s i t i v e ( p o s i t i v e s l o p e , cx<: 90°) i n 
a l l c a s e s , w i t h t h e e x c e p t i o n o f t h e B r i t i s h males 
a t t h e i n n e r arm ( s i g n i f i c a n t ) . 
I n f i g u r e I V . 2 - 2 , a t o f , t h e d a t a o f t h e s c a t t e r -
grams have been r e a r r a n g e d by p l o t t i n g o n l y means i n 
o r d i n a t e s ; t i m e has been e x p r e s s e d i n weeks. The 
adequacy o f a l i n e a r f i t a p p e a r s o b v i o u s t o t h e 
na k e d eye i n some o f them, b u t some o t h e r u n d e r l y i n g 
t r e n d s a r e s u g g e s t e d as w e l l : p l y n o m i a l , g e n e r a l l y 
a s c e n d i n g o r d e s c e n d i n g c u r v e s . The p o l y n o m i a l t r e n d s 
can be e x p l o r e d by means o f t h e oneway s u b p r o g r a m , 
one o f t h e SPSS c h o i c e s , w h i c h i m p l i e s t r e a t i n g t h e 
i n d e p e n d e n t v a r i a b l e as c a t e g o r i c a l . U n f o r t u n a t e l y 
many o f d a y s u i a ' s numerous c a t e g o r i e s i n c l u d e e x -
t r e m e l y few c a s e s , w h i c h makes i t v e r y d i f f i c u l t t o 
check t h e f u l f i l m e n t o f t h e n o r m a l i t y ( e v e r y w h e r e ) 
and h o m o g e n e i t y o f v a r i a n c e ( t h r e e o f t h e b i g sam-
p l e s ) r e q u i r e m e n t s w i t h i n t h e s a m p l e s ' s u b g r o u p s 
( t a b l e I V , 2 - 1 ) , S i n c e none o f t h e s u b g r o u p s i s b i g , 
n o r i s i t p o s s i b l e t o a p p l y t h e c o r r e c t i o n f o r un-
e q u a l s i z e s when h o m o g e n e i t y o f v a r i a n c e i s bad, 
t h e r e l i a b i l i t y o f t h e F - t e s t f o r d i f f e r e n c e s be-
tween means i s s e r i o u s l y j e o p a r d i z e d . For t h i s 
r e a s o n a p o s t hoc b a t t e r y o f S c h e f f d t e s t s has a l s o 
been t r i e d f o r g r e a t e r r e l i a b i l i t y " . V i i t h t h e p o s t 
hoc c o m p a r i s o n s t h e p r o b a b i l i t y o f o v e r l o o k i n g a 
t r u e d i f f e r e n c e ( t y p e I I e r r o r ) i s g r e a t e r , b u t i t 
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Pig. IV.2-2. uia9-aaysuift. 
Pigmentary T a r i a b i l i t y with time elapaed s i n c e l a s t exposure. 
Time on abaciBsae ( i n weeka) anfl mean r e f l e c t a n c e s on ordinates. 
ula9-<)By"ula (oneway anora) 
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B a r t l e t t ' s P 
It »c F 
P P 
x' X* ,5 
T>evlat j o n s 
258 112 1.427 1,570 
C.023 4 0.005 4 
Scbeff# fO . 01 , 0 . 0 5 ) : -
0.005 ^ 0.003 4 0.268 0.018 4 0.332 
0.010 * 0.020 4 0.020 4 0.030 4 0.029 4 
366 132 1,457 2.e24 
0,006 4 0.000 4 
S c h e f r t fO.OI, 0 . 0 5 ) : -
0.000 4 0.000 4 0.012 4 0.000 4 0.001 4 
0.000 4 0.000 4 0.000 4 0.000 4 0.000 -t 
ec 36 1.559 1.S69 
0.063 0.054 
Scheff^ f 0 . n i , 0 . 0 5 ) : -
0.249 0.040 4 0.251 0.170 0.002 4 
n .053 0.074 0.074 0.078 0.215 
61 • 33 1 .050 0.525 
0.386 0,972 
Scheff^ C o . n i , 0 . 0 5 ) : -
0.487 0.866 0.717 0.792 0.546 
0.970 0,961 0.953 0.941 0.934 
32 23 C.936 0.456 
0.''56 0.795 
Sch.efff ( n . 0 1 , 0,05^: -
0.078 0,983 0,282 0.318 0.977 
0.905 0.686 0 ,909 0.996 0.907 
46 27 1,038 2 .680 
0,411 0.015 4 
Scbeff* ( 0 . 0 1 , 0 . 0 5 ) : -
0,097 0.932 0.186 0.888 0.050 4 
0.016 4 0.013 4 C . 013 4 0.010 4 0.012 4 
Table IT. 2-1, Oneway anova: uia9-i3ay8Uia. 
Polynomial trenfla in the decay of tan. 
SigEifieance referred to the 0,05 l e r e l . 
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p a r i s o n s luhen type I e r r o r s are cons i d e r e d (Hays, 
1981). They a r e , besides, knoiun t o be r e l a t i v e l y 
i n s e n s i t i v e t o d e p a r t u r e s of n o r m a l i t y and v a r i -
ance and t o be exact For unequal group s i z e s . On 
the o t h e r hand, the a n a l y s i s of p o l i n o m i a l t r e n d s 
s h o u l d be o r i e n t a t i v e enough and, sin c e t h i s i s 
the s e c t i o n ' s main concern, no F u r t h e r attempt u / i l l 
be made t o improve the shortcomings of the method. 
A l t h o u g h the F - t e s t r e v e a l e d some s i g n i f i c a n t 
d i f f e r e n c e s betiueen means among Swedes ( b o t h sexes) 
and B r i t i s h ( f e m a l e s ) and almost s i g n i f i c a n t among 
Spanish males, none of the Scheffd comparisons 
( oi = 0,01 and o( = 0.05) e l i c i t e d any s i g n i f i c a n t 
i n e q u a l i t i e s . 
The two b i g g e s t samples (Swedes, males and f e -
males) d i s p l a y c l e a r acceptance of the l i n e a r t r e n d 
a t t h e 0,05 l e v e l or b e t t e r , l u h i l e B r i t i s h males 
and females come r e l a t i v e l y c l o s e . One of the l a s t 
tu/Q ( B r i t i s h males) p r e s e n t s , as a m a t t e r o f f a c t , 
a s i g n i f i c a n t c o r r e l a t i o n (p = 0,022, 0.020) be-
tiueen the two v a r i a b l e s , as mentioned above ( t a b l e 
C,2, f i g , l\l, 2-1e), Of the aforementioned samples, 
Swedes (d* ,p) and B r i t i s h females - c l o s e l y f o l l o i u -
ed by Spanish males - s i g n a l , by means of s i g n i f i -
c a n t d e v i a t i o n s f r o m . l i n e a r i t y , the e x i s t e n c e of 
u n d e r l y i n g c u r v i l i n e a r t r e n d s . A c c o r d i n g l y , some 
or e v e n t u a l l y a l l of the powers of daysuia (most 
o f t e n the q u a d r a t i c t r e n d ) had t o be a d m i t t e d among 
them as w e l l . I n t h r e e of them - Swedes and B r i t i s h 
f e m ales - the e x i s t e n c e of s i g n i f i c a n t d e v i a t i o n s 
from t he l a s t and f i f t h power suggests the presence 
of some o t h e r source of c u r v i l i n e a r t r e n d . General-
l y 'ascending and perhaps even descending curves 
were c o n j e c t u r e d b e f o r e . Consequently, the l o g a r -
i t h m i c and i n v e r s e f u n c t i o n s - which have the k i n d 
of g e n t l e slope a p p a r e n t l y demanded by the d i s t r i -
b u t i o n of means along time - have been t r i e d as 
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m e l l . The c o r r e l a t i o n s w i t h both f u n c t i o n s luere ac-
c e p t e d as s i g n i f i c a n t ( t a b l e C.3) by Siuedes, males 
and f e m a l e s , and B r i t i s h males. 
None of the p o l y n o m i a l t r e n d s above the l i n e a r 
l e v e l shoiued s i g n i f i c a n c e a t the f o r e h e a d w i t h i n any 
sample (as judged from the c o r r e l a t i o n s i n t a b l e 
C.3). On the o t h e r hand, the same t a b l e shows s i g n i f i -
cance f o r the c o r r e l a t i o n s between uia9 and the l o g a r -
i t h m i c and i n v e r s e f u n c t i o n s among B r i t i s h females, 
coming r e l a t i v e l y c l o s e among Spanish males f o r both 
f u n c t i o n s and among Swedish males f o r the l o g a r i t h m i c 
f u n c t i o n . The l o g a r i t h m i c and i n v e r s e f u n c t i o n s ap-
pear n o r m a l l y w i t h r e s p e c t i v e l y p o s i t i v e and n e g a t i v e 
s i g n s , except f o r B r i t i s h males ( v i c e v e r s a ) . 
Table C.3 p r e s e n t s the b i v a r i a t e c o r r e l a t i o n s be-
tween r e f l e c t a n c e r e a d i n g s a t a l l f i l t e r s and each 
of the f u n c t i o n s proposed as p r e d i c t o r s up t o now. 
Let us resume the s i t u a t i o n i n a few words. At both 
s i t e s t h e r e i s o f t e n a tendency f o r the c o r r e l a t i o n 
c o e f f i c i e n t s t o decrease i n a b s o l u t e v a l u e along the 
spectrum u n t i l they reach a minimum, n o r m a l l y at the 
f i f t h f i l t e r , ( b u t even the f o u r t h or the s i x t h ) . 
T h i s tendency i s more marked w i t h i n the b i g samples 
and i t does have e r r a t i c o s c i l l a t i o n s a l o n g the way. 
No a t t e m p t was made t o determine the t r e n d ' s degree 
of s i g n i f i c a n c e . The t r e n d i s o f t e n broken by, among 
o t h e r s , t h e second and the l a s t f i l t e r s . S i g n i f i c a n c e 
does n o t n o r m a l l y appear beyond the q u a d r a t i c l e v e l 
and i t i s perhaps somewhat b e t t e r f o r the l o g a r i t h -
mic than f o r the i n v e r s e f u n c t i o n . I t i s b e t t e r , 
among men than among women, and b e t t e r a t the i n n e r 
arm than a t t h e f o r e h e a d . Among Swedes, males and 
f e m a l e s , s i g n i f i c a n c e shows up a t most f i l t e r s along 
the spectrum, w h i l e w i t h i n the o t h e r samples i t ap-
pears e v e n t u a l l y among e i t h e r the f i r s t f i l t e r s 
( S p a n i a r d s ) or the l a s t ones ( B r i t i s h ) . 
W i t h i n each f i l t e r , c o e f f i c i e n t s n o r m a l l y decrease.. 
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w i t h i n c r e a s i n g p o l y n o m i a l o r d e r , Q—in and d ^ l g 
o f t e n appear t o g e t h e r as s i g n i f i c a n t or n o n - s i g n i f i -
c a n t . S i g n i f i c a n c e f i g u r e s d e t e r i o r a t e w i t h de-
c r e a s i n g s i z e of the sample. 
As a whole, s i g n i f i c a n c e i s d i s p l a y e d , as ex-
p l a i n e d , a t the i n n e r arm among Swedes (males and 
f e m a l e s ) , Spanish males and B r i t i s h males. At the 
forehead i t shows up among Swedes (males and females), 
Spanish males, B r i t i s h males ( o n l y f o r d f i n and d f l g ) , 
Spanish females ( n o t a t a l l f o r d f i n ) and B r i t i s h 
females. I n g e n e r a l , the p o l y n o m i a l and l o g a r i t h m i c 
t r e n d s d i s p l a y p o s i t i v e c o r r e l a t i o n s w i t h pigmen-
t a t i o n , w h i l e the i n v e r s e f u n c t i o n p u t s up a n e g a t i v e 
c o r r e l a t i o n , but e x c e p t i o n s crop up here and t h e r e 
( e s p e c i a l l y among the p o l y n o m i a l t r e n d s ) : w i t h i n a l l 
samples a t t h e - f o r e h e a d and w i t h i n Spanish females 
and B r i t i s h , males and females, a t the inner arm. 
Among B r i t i s h males every c o e f f i c i e n t has i n v e r t e d 
i t s s i g n w i t h r e s p e c t t o the g e n e r a l r u l e . 
Table I\y,1-2 g i v e s the percentages of v a r i a t i o n 
e x p l a i n e d a t f i l t e r s 1, 5 and 9 by the time v a r i a b l e s 
which, i n each case, were s e l e c t e d as the best p r e -
d i c t o r s . I t i s immediately obvious t h a t no homogen-
e i t y of e f f e c t s e x i s t s when percentages are compared 
between e i t h e r sexes or s i t e s or even w i t h i n each 
sample, A few g e n e r a l i z a t i o n s are p o s s i b l e . The time 
v a r i a b l e s seem t o be more e f f i c i e n t a t e x p l a i n i n g 
v a r i a t i o n among men than among women, w i t h two ex-
c e p t i o n s : Swedes a t the i n n e r arm and B r i t i s h a t the 
f o r e h e a d , where the o p p o s i t e i s t r u e . I n a l l cases 
except Spanish males and females and B r i t i s h males, 
they are a l s o more e f f i c i e n t at e x p l a i n i n g v a r i a t i o n 
a t the i n n e r arm than a t the fo r e h e a d , ComRarisons 
between samples w i t h i n each sex show t h a t at the 
i n n e r arm the g r e a t e s t percentages of v a r i a t i o n i n 
p i g m e n t a t i o n are e x p l a i n e d among Swedes, males and 
females, and the s m a l l e s t among Spaniards, males and 
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females. At the forehead the g r e a t e s t are explained 
among Spanish males and B r i t i s h females and the 
s m a l l e s t among Swedes, males and females. In gen e r a l , 
the best p r e d i c t o r s r e s u l t e d f o r the l o g a r i t h m i c and 
i n v e r s e f u n c t i o n s , w h i l e the f i r s t p o l y n o m i a l power 
was best at a few f i l t e r s and the f i f t h power i n a 
coup l e . 
Summary The p o s s i b i l i t y of e x i s t e n c e of l i n e a r and c u r v i -
l i n e a r t r e n d s u n d e r l y i n g the c o r r e l a t i o n s between 
p i g m e n t a t i o n and time elapsed since the l a s t exposure 
t o r a d i a t i o n has been e x p l o r e d - c h i e f l y by means of 
the oneway a n a l y s i s of v a r i a n c e and the scattergram 
t e c h n i q u e . 
The reasons f o r t e m p o r a r i l y s e l e c t i n g uia9 as our 
on l y dependent v a r i a b l e have also been discussed. 
Again, f o r a resume of the p a t t e r n s shown up by 
the c o r r e l a t i o n s between the dimensions time and 
p i g m e n t a t i o n see s e c t i o n X, 
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I\y,3, The- e f f e c t of ageing on p i g m e n t a t i o n . 
G e n e r a l l y s p e a k i n g , p i g m e n t a t i o n at unexposed 
areas d i m i n i s h e s s t e a d i l y w i t h advancing age, w h i l e 
at exposed areas, such as the fo r e h e a d , the p o s s i b l e 
e x i s t e n c e of a s i m i l a r t r e n d i s overcome by the con-
t i n u o u s impact of the environment, r e s u l t i n g i n i n -
c r e a s i n g p i g m e n t a t i o n w i t h age. St u d i e s w i t h i n d i f -
f e r e n t r a c i a l s t o c k s have by now proved t h a t these 
t r e n d s are n o t , however, u n i f o r m l y maintained 
t h r o u g h o u t l i f e . I n most cases i t has been r e p o r t e d 
e i t h e r on v a r i a t i o n d u r i n g puberty or on t r e n d s 
t h r o u g h a d u l t h o o d , w i t h the r e s u l t t h a t i n f o r m a t i o n 
on o t h e r p e r i o d s i s l a c k i n g . I t can be c o n f i d e n t l y 
assumed t h a t , i n g e n e r a l , p i g m e n t a t i o n d u r i n g the 
whole p r e - p u b e r t a l p e r i o d i n c r e a s e s i n areas normal-
l y s t u d i e d ( t h e upper i n n e r arm and the forehead) 
and t h a t a t the onset of puberty the t r e n d s , a t l e a s t 
at the i n n e r arm, change, C o r r e n t i (1966) found out 
t h a t , among h i s Palermo s u b j e c t s , puberty - betrayed 
by maximum i n t e r n a l r e l a t i v e v a r i a t i o n (CU) - s t a r t -
ed a t around the ages of 11 f o r g i r l s and 14 f o r 
boys. The border l i n e s v a r y , however, i n human 
groups, and improved nourishment and t r o p i c a l or sub-
t r o p i c a l c l i m a t i c c o n d i t i o n s seem somehow to be as-
s o c i a t e d w i t h e a r l i e r onset of p u b e r t y . B a s i c a l l y 
d u r i n g t h i s t i m e , w h i l e p i g m e n t a t i o n decreased among 
g i r l s and boys from b e f o r e the age of 11,for g i r l s , 
and from the age of 12, f o r boys, a t the a x i l l a r y 
r e g i o n , i t c o n t i n u o u s l y i n c r e a s e d a t the a r e o l a r 
r e g i o n , C o r r e n t i suggested a p u b e r t a l displacement 
of melanin from one area t o the o t h e r . 
S i m i l a r r e s u l t s were observed a t d i f f e r e n t unex-
posed areas of the arm by Garn e t a l , (1956) among 
w h i t e boys aged 12-2- t o 16, by Omoto w i t h a Japanese 
t w i n sample, by K a l l a (196?) among "Baniya" males 
aged 10 t o 16 and by K a l l a (1970) among Tibetan boys 
and g i r l s . I n the l a s t a r t i c l e i t was r e p o r t e d t h a t •, 
d u r i n g the p u b e r t a l p e r i o d , the r e v e r s a l of the t r e n d 
from d a r k e n i n g t o l i g h t e n i n g - which among P a l e r m i -
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Bartlett 'o P 
IT k P 
P P 
x^ x' X* x5 
Deriations 
294 52 1.005 0.894 
0.460 0.677 
Scheff* (0.01, 0.05): -
0.122 0.016 + 0.653 0.170 0.863 
0,728 0.874 0.858 0.883 0.863 
427 67 2 . 5 1 1 1.101 0.000 +• 0,289 
Scheff* (0.01, 0,05): -
0.000 + 0.266 0,016 + 0.479 0.541 
0.800 0 . 6 0 9 0 . 9 1 2 0.906 0.897 
116 16 1.426 2,577 
0.147 0 . 0 0 3 + 
Scheff« (0.01, 0.05): -
0.001 + 0.534 0.013 + 0,616 0,602 
0.040 + 0.031 + 0,104 0,079 0.059 
1 2 5 18 2.056 1.257 
0.030 + 0.235 
Scheff< (C.01, 0.05): -
0.099 0.828 0.711 0.357 0.318 
0.309 0.256 0.210 0.195 0.186 
3 9 12 0.778 0,525 
0.540 0.859 
Scbeff* ( 0 . 0 1 , 0.05): -
0 . 1 1 3 0.962 0.576 0.491 0.417 
0.972 0.952 0.939 0.935 0.947 
5 0 10 0,375 0,582 
0.916 0.804 
Scheff* (0.01, 0.05): -
0.818 0.265 0.411 0.941 0.481 
0.733 0.785 0.778 0.669 0.613 
Table IV.3-1. Oneway anova: uia9-age. 
Polynomial trends in the v a r i a b i l i t y of nignentation with age. 
Significance referred to the 0,05 level. 
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tans i s a t the a x i l l a r y r e g i o n placed i n the pre-
p u b e r t a l p e r i o d , a t between 12 and 13 f o r boys and 
b e f o r e 11 f o r g i r l s - at the medial upper arm l i e s 
among T i b e t a n s between 12 and 13 f o r g i r l s , w h i l e 
among boys ( i n s p i t e of some o s c i l l a t i o n s ) the gen-
e r a l t r e n d a f t e r the i n t e r v a l 13-14 i s one of i n -
c r e a s i n g p i g m e n t a t i o n . 
The samples i n the present study range over a 
g r e a t e r age span but are i l l s u i t e d f o r the a n a l y s i s 
of p i g m e n t a r y changes. One-year subgroup s i z e s are 
too s m a l l and the author does not f e e l t h a t subdiv-
i s i o n i n t o i n t e r v a l s wider than one year i s good 
p r a c t i c e f o r t h i s purpose. Therefore no such d i v -
i s i o n , has been a t t e m p t e d . I n s t e a d , g e n e r a l t r e n d s 
w i l l be e x p l o r e d . 
I n f i g u r e I\y,3-1, a t o f , r e f l e c t a n c e r eadings a t 
the n i n t h f i l t e r have been p l o t t e d a g a i n s t age. The 
n i n t h f i l t e r and the i n n e r arm have been s e l e c t e d f o r 
the same reasons a s - i n the pr e v i o u s s e c t i o n . The co-
e f f i c i e n t s o b t a i n e d f o r the scattergrams and those 
from t a b l e C.2 show very c l o s e agreement w i t h each 
o t h e r , i n s p i t e of the d i f f e r e n t s i z e s of the samples. 
A c c o r d i n g t o them and t o the r e s u l t s of the oneway a-
n a l y s i s ( t a b l e I \ / , 3 - l ) , the f i r s t p o l y n o m i a l t r e n d 
( l i n e a r ) i s accepted at very good s i g n i f i c a n c e l e v e l s 
by Swedish females and Spanish males a t the inne r arm. 
At the f o r e h e a d and ac c o r d i n g t o t a b l e C.2, Swedish 
males and females and B r i t i s h females d i s p l a y s i g n i f i -
c a n t b i v a r i a t e c o r r e l a t i o n , which b e t r a y s acceptance 
of the l i n e a r t r e n d . The s i g n of the c o e f f i c i e n t i s 
p o s i t i v e i n a l l cases a t the inner arm except among 
B r i t i s h males and females. At the forehead i t i s nega-
t i v e e x c e p t among Spanish and B r i t i s h males. At none 
of t h e e x c e p t i o n s i s the c o e f f i c i e n t ' s n u m e r i c a l value 
s i g n i f i c a n t . I n n e r arms and foreheads become, i n other 
words, r e s p e c t i v e l y l i g h t e r and darker except w i t h i n 















: 2? . ' 
• 562' 
.00 11.00 19.00 27.00 15.00 43.00 51.00 5 « . 0 0 67,00 75.00 83.00 
CORREUlTIOIf (R) - 0 . 0 5 6 2 9 R SQUARED - 0 . 0 0 3 1 7 SiaH - 0 . 3 6 8 8 1 
3TD OP EST - 3 , 8 5 7 8 6 IHTERCEM (A) - 6 5 . 3 9 8 4 2 SMPE (B) - 0 . 0 1 6 4 2 
The regreaalon line outa the margin of the plot at 
a Talue of 6 5 . 4 4 7 6 6 on the l e f t margin 
a value of 6 6 , 7 6 0 9 7 on the right margin 
PLOTTED VALUES - 2 5 7 EXCLUDED VALUES - 0 MISSINO VALUES - 5 0 
. . . , / ' \ ' -
'7.00 1 5.00 23.00 31 . C J 3? .0C 47.00 55.00 . ^' jOO 71.00 79.00 
• • * 
I 2« 
94.000 













*• a * ; 96* * 2 
* J . 6 ' J 3 • 
3 5*2* « 2 
J • 4 33« • 
: . 3 954 . • * * 
. . 2 
2 2 
11 .00 19.00 27.00 
[ • 




• . * • • • 2* 
J • • • • 
T « • • 2 • 
r • * • 
T • • 2 ? • • 
I • » • * 2 * 
f • • •* • 
I • * 2 
I • * 
I * * 
I • • 
t * 
• * • 
• .** 2 • 
^ • • « 2 - • 
.'• • • 
• • • 
* * . 

















CORRELATIOK (R) - 0.21150 R SQUARED - 0 . 0 4 4 7 3 . SIOH -0.00005 
STD 0? EST - 4 . 2 5 9 0 7 IHTBRCEPT (A) - 6 3 a 5 0 8 0 3 SLOPE (B) - 0 . 0 5 3 0 4 
Tb« regreaalon line oute the margin of the plot at 
a Taliia of . 6 3 . 6 6 7 1 4 on the l e f t margin 
a Talua of 6 7 . 9 1 0 4 3 on the right margin 














6 6 . 0 0 0 
it.OOQ 
62.000 




5 ^ . 0 0 0 
: . 0 a 26.60 32.OC 3a.00 44 .00 50.00 54.00 6 ? . 0 0 68.00 74.00 
1 • 
- • 2 
2 •? 
. . 3 . 2 
(c) 
.00 23.03 29.00 35.00 41 .00 47 .00 55.00 59.00 65.00 71 .00 
CORHEUTION (R) - 0.29117 R SQUARED - 0.08478 BIGH - 0.00878 
3TD OP EST - 3.96938 INTERCEPT (A) - 57,22959 SLOPE (B) - 0.16464 
The regrsselon line cuts tha margin of the plot at 
a ralue of 60,02849 on the le f t margin 
a ralue of 69.90700 on the right margin 
PLOTTED VALDES - 80 EXCLUDED VALUES - 0 MISSING VALUES - 36 
77.00 
(J* 
1 . J 0 _ _ 27.00 3 7.CO : « . o o 
i 





.00 24.00 30 .00 36.00 42 .00 43 .00 54 .00 60.00 66.00 
72.00 78.60 
2 1 3 
s) 
I i - l c 0^ v^ TH 
a o—^ 
u a) d to • • to 
I >> o 
t» +> HI a c « o 
V ^ 4) 
Ik. (li •< 
• i f 
COHHEUTIOH (H) - 0.09241 
STD OP B3T - 3.83230 
B SQUARED - 0.00854 SIGN - 0.41191 
IHTERCKPT (A) - 61.87323 SLOPE (B) - 0.04592 
Th« regreaalon line outs the margin of the plot at 
a ralue of 62,69978 on the le f t margin 
a ralue of. 65.45500 on the right margin 
PKITTED VALUES - 81 EXCLUDED VALUES - 0 MISSING VALUES - 45 
Spa+Aapa 
1 ' . : J 2 1 . 0 0 2 5 . 0 0 2 5 . 0 0 2 7 . 0 0 2 9 . 0 0 3 1 . 0 0 3 3 . 0 0 3 5 . 0 0 1 7 . 0 0 214 
7 7 . 0 0 C 
7 5 . 0 0 0 
7 3 . C O O 
7 1 . 0 0 0 
6 9 . 0 0 0 
6 7 . 0 0 0 
6 5 . 0 0 0 
6 3 . 0 0 0 
6 1 . 0 0 0 
5 9 . 0 0 0 
5 7 . 0 0 0 
2 • 
(e) I 
0 0 2 0 . 0 0 2 2 . 0 0 2 4 . 0 0 2 6 . 0 0 2 8 . 0 0 3 0 . 0 0 1 2 . 0 0 3 4 . 0 0 3 6 . 0 0 3 8 . 0 0 
7 5 , 0 0 0 * 
7 1 . 0 0 0 j 
6 9 . 0 0 0 
6 7 . 0 0 0 







6 3 . 0 0 0 
* 
2 
6 1 . 0 0 0 • 
5 9 , 0 0 0 
I 
5 7 , 0 0 0 • 
5 5 , 0 0 0 I 
5 3 . 0 0 0 
C O R R E X A T I O I I (H) - -0.19288 H SQUARED - 0.03720 S I G N 
S T D OP E S T - 3.35576 INTERCEPT ( A ) - 68.14657 SLOPE (B) 
The regreaaion l i n e oute the margin of the plot at 
a Talue of 65.13615 on the l e f t margin 
a Talue of 61.79126 on the r i g h t margin 
P L O T T E D VAT,UBS - 32 E X C L U D E D V A L U E S - 0 M I S S I N G V A L U E S - 7 
0.29020 
-0.16724 
1 9 . 0 0 !1'5S..+..J5;22. 2 5 . 0 0 2 7 . 0 0 - — . - - - 2 9 . 0 0 ' 51-22. 3 3 . 0 0 j ' - o " . . . . ! I *2? . . « 
iS.oo 2 0 . 0 0 2 2 . 3 0 2 4 . 0 3 2 6 . 0 0 2 8 . 0 0 3 0 . 3 0 5 2 . 0 0 




. 0 ' - -
. ^ i 
»!>>>> 
C 
, I r-t -H 
a o 
•rt g 
d a • -H 
a 
, . >> a 
i n * 
CO d 
o o 
1 S) o 
I 
Si? 
CORHBIATION (R) - -0.01637 R SQUARED - 0.00027 SIGH 
STD OP EST - 3.23383 IHTEHCEPT (A) - 64.75695 SMPE (B) 
The regreeelon l i n e outa the margin of the plot at 
a Talue of 64.50537 on the l e f t margin 
a Talue. of 64.22583 on the right margin 




We are not b e t t e r o f f than i n the p r e v i o u s sec- -
t i o n c o n c e r n i n g the requirements of n o r m a l i t y and 
homogeneity of v a r i a n c e . A l l t h i s undermines the r e -
l i a b i l i t y o f the F - t e s t f o r comparisons between 
means and, c o n s e q u e n t l y , Scheff^ post hoc comparisons 
have been employed as w e l l . S i g n i f i c a n t F-values f o r 
comparisons between mean r e f l e c t a n c e s f o r one-year 
subgroups were o n l y found among Spanish females, but 
the S c h e f f d comparisons f a i l e d t o r e v e a l any s i g n i f i -
c ant d i f f e r e n c e s . 
I n f i g u r e I\y,3-2, a t o f , only mean r e f l e c t a n c e s 
a t each age have been p l o t t e d . The e x i s t e n c e of some 
s o r t o f h i g h e r p o l y n o m i a l t r e n d i s s t r o n g l y suggested 
i n some of them. However, o n l y the q u a d r a t i c among 
Swedish males and the cubic among Swedish females and 
Spanish males a t t a i n e d s i g n i f i c a n c e . None of the f i g -
u res f o r d e v i a t i o n from l i n e a r i t y demanded e i t h e r a 
b e t t e r f i t . A f t e r a look a t the diagrams of f i g u r e 
I\/,3-2, i t was f e l t ' t h a t w i t h the p o l y n o m i a l f u n c t i o n s 
d i s a p p e a r e d our best chances f o r a f i t i n terms o f age 
f o r Spanish femalesand B r i t i s h , males and females. No 
o t h e r curves were t r i e d . 
Table C,3 p r e s e n t s the r e s u l t s of the b i v a r i a t e 
c o r r e l a t i o n s between r e f l e c t a n c e r e a d i n g s a t any f i l -
t e r and the t h r e e f i r s t p o l y n o m i a l f u n c t i o n s . W i t h i n 
each sample and f i l t e r , c o r r e l a t i o n c o e f f i c i e n t s o f t e n 
decrease i n n u m e r i c a l value w i t h ascending p o l y n o m i a l 
o r d e r , but t h e r e are more e x c e p t i o n s than cases f o l -
l o w i n g the r u l e r a t the i n n e r arm, a l l samples but 
Spanish males p r e s e n t e x c e p t i o n s a t f i v e f i l t e r s a t 
l e a s t , w h i l e a t the forehead e x c e p t i o n s on the same 
s c a l e appear among Spanish males and B r i t i s h males and 
fema l e s . S i g n i f i c a n t or c l o s e - t o - s i g n i f i c a n t f i g u r e s 
crop up along the t h i r d f i l t e r f o r Swedish males, 
among the f o u r or f i v e f i r s t f i l t e r s and the two l a s t 
ones f o r Spanish males and a t the t h i r d and f o u r t h and 
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Pig. IV.3-2. uia9-age. 
Pigmentary v a r i a b i l i t y with age. 
Age on abscissae (in years) and reflectance on ordinatea. 
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f o r e h e a d , they appear at most f i l t e r s between the 
second and the s i x t h f o r Spanish males, at the f i r s t 
and middle f i l t e r s f o r B r i t i s h males and a l l over 
- w i t h the best f i g u r e s a t the end - among B r i t i s h 
f e m a l e s , and a t a l l f i l t e r s f o r Swedish males and 
f emales. 
W i t h i n each p o l y n o m i a l o r d e r , the n u m e r i c a l value 
of the c o e f f i c i e n t s n o r m a l l y reaches a minimum at the 
f i f t h f i l t e r ( o r even the f o u r t h or the s i x t h ) . S i g -
n i f i c a n c e f i g u r e s are n o r m a l l y best among men and 
b e t t e r a t the forehead than the i n n e r arm. I n g e n e r a l , 
s i g n i f i c a n c e d e t e r i o r a t e s w i t h decreasing s i z e of the 
sample, but s i z e does not seem so r e s t r i c t i v e at the 
f o r e h e a d . 
Table I\y,1-2 g i v e s the percentages of v a r i a t i o n 
e x p l a i n e d a t f i l t e r s 1, 5 and 9 by the p o l y n o m i a l func-
t i o n s s e l e c t e d i n each case as best p r e d i c t o r s . As with 
t h e days- v a r i a b l e s , t h e r e i s l i t t l e room f o r homogen-
e i t y of e f f e c t s . As a whole, anyway, the age v a r i a b l e s 
are more e f f i c i e n t i n e x p l a i n i n g v a r i a t i o n among men 
t h a n among women, w i t h o n l y two e x c e p t i o n s a t the n i n t h 
f i l t e r : Swedes a t the i n n e r arm and B r i t i s h a t the 
f o r e h e a d . They also e x p l a i n more v a r i a t i o n at the f o r e -
head- than a t the i n n e r arm, w i t h the e x c e p t i o n of 
S p a n i a r d s , males and females. When comparing samples, 
w i t h i n each sex, the g r e a t e s t percentages of v a r i a t i o n 
are. e x p l a i n e d by Spanish males and Swedish females and 
th e s m a l l e s t by Swedish males and B r i t i s h females, at 
th e i n n e r arm. At the f o r e h e a d , more v a r i a t i o n i s ex-
p l a i n e d among Swedes, males and females, and l e s s 
among Spaniards, males and females. 
Summary C e r t a i n p o l y n o m i a l t r e n d s were e l i c i t e d u n d e r l y i n g 
t h e . c o r r e l a t i o n s between uia9 and age. 
The g e n e r a l p a t t e r n s of c o r r e l a t i o n at a l l f i l t e r s 
are as b e f o r e resumed i n s e c t i o n X, 
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I I / , 4 , Sexual dimorphism and p i g m e n t a t i o n . 
Men of d i f f e r e n t races have r e p e a t e d l y been r e -
p o r t e d as darker - s i g n i f i c a n t l y or not - than t h e i r 
female c o u n t e r p a r t s a t d i f f e r e n t exposed areas: back 
and palm of the hand ( R i j n - T o u r n e l , 1966), the f o r e -
arm ( B a r n i c o t , 1958), the forehead (Leguebe, 1961; 
Garn, 1956), At s i t e s which among Westerners are 
l e s s exposed, such as the i n n e r arm, the s i t u a t i o n 
i s , however, not e q u a l l y u n i f o r m . While Congolese 
males were s t i l l found t o be darker than Congolese 
females by R i j n - T o u r n e 1 , he, Leguebe (1961) and 
R i g t e r s - A r i s (1972) found B e l g i a n and Dutch males t o 
be l i g h t e r than t h e i r females a t the upper i n n e r arm. 
On the o t h e r hand, a t a n o r m a l l y unexposed area sub-
j e c t t o d i f f e r e n t i a l exposure a c c o r d i n g t o sex, such 
as the a r e o l a r r e g i o n , Garn d i s c o v e r e d t h a t American 
w h i t e males were darker than females. Among some 
Middle East p o p u l a t i o n s ( S u n d e r l a n d , 1967; 1973) i t 
has a l s o been r e p o r t e d t h a t males are l i g h t e r than 
females a t both i n n e r arm and fo r e h e a d . Otherwise 
t h e r e i s overwhelming evidence from d i f f e r e n t p a r t s 
of the w o r l d a l l p r e s e n t i n g females as l i g h t e r than 
males a t both i n n e r arm and f o r e h e a d : E n g l i s h and 
I r i s h ( H u l s e , 1973); Smith and M i t c h e l l , ' 1973; 
Sunderland e t a l . , 1973), mature Sikhs (Kahlon, 1973), 
cas t e I n d i a n s ( K a l l a , 1969), Southern 'white' B r a z i -
l i a n s ( H a r r i s o n e t a l , , 1967), N o r t h A f r i c a n and 
Middle East groups ( S u n d e r l a n d , 1973; L o u r i e , 1970), 
South American I n d i a n s (Weiner, 1963; H a r r i s o n and 
Salzano, 1 9 6 6 ) , K h o i s a n i d s and Rehoboth Basters 
(Weiner e t a l , , 1964), Bantu and Cape Coloured 
(Wassermann, 1968), Tchad n a t i v e s (Hiernaux, 1972), 
e t c . A l t h o u g h the reasons f o r the e x i s t e n c e of ex-
c e p t i o n s t o t h i s r u l e are i n most cases debatable, i t -
would seem t h a t the f i r s t p l a c e t o look f o r them i s 
e t h n o g r a p h i c : what k i n d of d i f f e r e n c e s are t h e r e i n 
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l a b o u r and l e i s u r e a c t i v i t i e s betiueen t h e tmo sexes 
u j h i c h c o u l d p r o d u c e d i f f e r e n t i a l e x p o s u r e ? 
VJith o n l y t h r e e e x c e p t i o n s - Swedes a t t h e i n n e r 
arm, f i l t e r s 3, 8 and 9 - i n t h e p r e s e n t luork, a l l 
m a l e s a r e d a r k e r t h a n f e m a l e s a t b o t h s i t e s ( t a b l e 
I \ y . 4 - 1 ) . The d i f f e r e n c e s , l u i t h numerous e x c e p t i o n s 
among t h e Swedes and t h e B r i t i s h a t t h e i n n e r arm, 
a r e n o r m a l l y s i g n i f i c a n t . They a r e a l s o b e t t e r a t 
t h e f o r e h e a d t h a n a t t h e i n n e r arm. W i t h i n Siue, Spa 
and Gb ('pu r e ' s a m p l e s ) t h e d i f f e r e n c e s between 
s e x e s f o l l o w a s i m i l a r p a t t e r n , w i t h two e x c e p t i o n s : 
f h S among S p a n i a r d s ( n . s . , p=0.092) and u i a 9 among-
t h e B r i t i s h ( m a l e s l i g h t e r t h a n f e m a l e s , a l t h o u g h 
n o t s i g n i f i c a n t l y ) . 
The d i s t r i b u t i o n ( o r a b s e n c e ) o f n o n - s i g n i f i c a n t 
and i n v e r t e d d i f f e r e n c e s between means i n t h e Swedish 
and S p a n i s h s a m p l e s , a t t h e i n n e r arm, a c c o r d s w e l l 
w i t h t h e i r s u n b a t h i n g h a b i t s . The p r o p o r t i o n s o f ex-
p o s e r s among S w e d e s ; d i f f e r s i g n i f i c a n t l y (p=O.OOQ) 
be t w e e n males and f e m a l e s ( t a b l e I I I . 3 - 2 ) , b u t t h e 
s i g n i f i c a n c e l e v e l o n l y r e a c h e s 0,083 among S p a n i a r d s . 
I n b o t h c a s e s , f e m a l e s b e l o n g t o t h e e x p o s e r c a t e g o r y 
more o f t e n t h a n m a l e s . S i n c e t h e p r o p o r t i o n s o f ex-
p o s e r s w i t h i n each sex and sample a l s o d e p a r t s i g n i f i -
c a n t l y f r o m t h e 50 % r a t i o (p=0.000 e v e r y w h e r e ) up-
w a r d s , f e m a l e s among Swedes do have e v e r y o p p o r t u n i t y 
t o r e v e r s e t h e n o r m a l t r e n d s , b u t a p p a r e n t l y t h a t was 
n o t enough among S p a n i a r d s . Among t h e B r i t i s h a t t h e 
i n n e r arm t h e r e a r e f o u r n o n - s i g n i f i c a n t d i f f e r e n c e s 
(one o f them an i n v e r s i o n , among t h e ' p u r e ' B r i t i s h , 
i n s p i t e o f a n o n - s i g n i f i c a n t d i f f e r e n c e i n t h e p r o -
p o r t i o n o f e x p o s e r s between t h e s e x e s , b u t i t has 
been p r e v i o u s l y e l i c i t e d t h a t among B r i t i s h women, 
when compared w i t h men, r e l a t i v e l y h i g h p e r c e n t a g e s 
o f r e f l e c t a n c e r e a d i n g s ' i n t e r n a l v a r i a n c e are ex-
p l a i n e d by t h e combined e f f e c t s o f t h e b e h a v i o u r a l 
v a r i a b l e s . T h i s may be t h e e x p l a n a t i o n , o t h e r f a c t o r s 
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7 ' . 5 3 " 5.056 30? 
35.253 5.091 <3? 
3.5?7 0.061 -
4J.5';2 5.441 302 
43.731 5.416 432 
0.171 0.679 - . 
44.327 5.60? 302 
44.063 5.569 432 
0.392 0.532 -
43.762 5.294 301 
44.025 5.266 0 2 
0.441 0.507 -
41.233 5.036 301 
42.227 4.952 432 
7.052 o.ooe * 
46.358 4.734 301 
47.228 4.648 432 
5.829 0.016 • 
57 .3«5 4.977 299 
57.600 4.858 429 
0.476 0.490 -
64.063 4.299 299 
63.753 4.515 429 
0.863 0.353 • 
65.595 3.947 295 
64.956 4.347 429 
4.078 0,044 * 
30.3''8 l . f i W 116 
32.675 4.171 126 
13.'>'2 0.i<io + 
38.166 5.083 116 
40.5B7 5.345 126 
12.055 O.OCO • 
38.526 5.249 116 
40.462 5.390 125 
7.965 0.005 • 
38.156 4.897 116 
40.806 4.020 i?5 
18.710 0.000 • 
36.691 4.423 116 
39.281 5.434 125 
16.311 0.000 + 
41.R57 4.717 115 
44.866 5.5'5 125 
20.340 0.000 • 
52.501 4.590 116 
54.502 4,887 125 
10.608 C.001 • 
5P,780 4.306 116 
60.518 3.983 125 
10.483 0.001 4. 
60.973 «.151 116 
62.532 3.975 125 
8.867 0.003 + 
3";.054 5.02B 39 
37.886 5.319 50 
6.515 0.012 + 
41.031 1.982 39 
43.814 5.845 50 
5.075 0.017 • 
43.323 4.475 3? 
45.562 5.034 50 
4.771 0.032 + 
42.503 4.307 39 
45.120 4.726 50 
7.257 0.009 + 
40.554 4.089 39 
42.402 4.952 50 
3.086 0.083 -
44.564 3.858 39 
46.758 4.095 50 
6.613 0.012 • 
56.454 4.308 39 
57.436 4.200 50 
1,176 0.281 -
62.197 3.135 39 
62.664 3.512 50 
0.866 0.355 -
64.456 3.319 39 
64.600 3.148 50 
0,043 0.835 - * 








28.749 4.889 302 
29 .77» 4.906 435 
7.798 0.005 + 
35.912 5.229 302 
37.141 5.417 433 
9 .541 0.002 • 
36.379 5.532 302 
37.355 5.528 433 
5 .541 0.018 + 
35.702 5.334 301 
37.746 5.425 433 
23.497 0.000 + 
34.046 5.4^2 301 
35.955 5.^21 433 
21.730 0.000 + 
39.*6n 5 .PI9 301 
41.272 5.327 433 
18.2P.4 O.OOn • 
52.662 5.704 299 
54.111 5.027 428 
12.508 O.noo • 
61.526 4.015 2oq 
62.447 4.391 430 
6.75? 0.010 + 
63.891 4.066 20? 
64.774 3.0fl7 430 
9,508 0.114 -
21.723 3.628 111 
23.578 4.012 125 
13.912 0.000 + 
28.174 4.170 111 
30-350 4.219 125 
15.833 0.000 + 
28.368 4.083 111 
30.251 4.596 124 
11.062 0.001 • 
28.087 3.837 111 
30.507 4.421 124 
21.705 0.000 + 
27.876 5.396 111 
30.072 4.169 124 
11.082 0.001 + 
32.135 4.444 i n 
35.639 4.787 124 
33.P5O 0.0"n 4. 
45.063 4.428 111 
46,P07 4,756 124 
8.471 0.003 + 
53.085 4.628 111 
54.554 4.639 124 
5.88e 0.015 + • 
56.619 4.021 111 
57.50n 4,375 124 
2,634 1.104 -
27,056 3,439 39 
30,096 3.561 50 
16.452 0.000 * 
31.631 3.620 39 
35.114 3.915 50 
18.514 0.000 • 
34.828 4.162 39 
36.990 4.369 50 
5,591 0.018 + 
33.828 4.036 39 
33.828 4.036 50 
14.760 0.000 • 
32.300 5.032 39 
35.176 4.328 50 
7.870 0.005 • 
36,728 3.839 3" 
40.028 3.672 50 
17.005 0.000 • 
50.705 4.3<?3 39 
53.848 3.693 50 
12.676 0.001 • 
59.172 4.182 59 
62.368 3.519 50 
15.315 0.0<--0 • 
62.300 3.190 3? 
64.710 3.211 50 
12.413 0.000 • 
Swe + Aswa ( 3 / 4 ) Spa + Aspa (3 /4) Gb • Agi ( 5 / 4 ) 
Table I V . 4 - 1 . Between-««t d i f fe rences I n pigmentat ion. 
The marks ' . ' and a t fhS (Spaniards) and ula9 ( B r i t i s h ) 
I n d i c a t e dlsa/?reenent between the eoapoeite and the- ' pu re ' 
sanplesi concerning the existence o f s ign i f i cance ( . ) and 
the s i g n o f the d i f f e r e n c e between the re f lec tance f i g u r e s 
f o r males and fenales ( ^ ) . 
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n o t w i t h s t a n d i n g , s i n c e i n a l l o t h e r cases t h e be-
tween - s e x d i f f e r e n c e s i n p e r c e n t a g e s o f e x p l a i n e d 
v a r i a n c e a r e e i t h e r f a v o u r a b l e t o men o r n o t v e r y 
d i f f e r e n t i f f a v o u r a b l e t o women. The s i t u a t i o n a t 
t h e f o r e h e a d a g r e e s b e t t e r w i t h t h e e x p e c t e d , 
e s p e c i a l l y among t h e B r i t i s h , n e w h a t and c r f h n o w have 
been m e n t i o n e d as t h e most i m p o r t a n t p r e d i c t o r s a t 
t h e f o r e h e a d . S i g n i f i c a n t l y more women t h a n men go 
w i t h b a r e f o r e h e a d s . among S p a n i a r d s , w h i l e t h e 
use o f c o s m e t i c s i s i m p o r t a n t among Swedish f e m a l e s . 
B o t h f a c t o r s a r e t h e n p r e s u m a b l y r e s p o n s i b l e f o r t h e 
a p p e a r a n c e o f n o n - s i g n i f i c a n t d i f f e r e n c e s (no i n v e r -
s i o n s ) a t t h e l a s t f i l t e r among Swedes and S p a n i a r d s 
( e v e n t u a l l y a t f h 8 as w e l l , among ' p u r e ' S p a n i a r d s ) , 
Among t h e B r i t i s h , f e m a l e s d i f f e r s i g n i f i c a n t l y f r o m 
m a l e s o n l y f o r v a r i a b l e c r f h n o w . O t h e r f a c t o r s b e i n g 
t h e same, no d e p a r t u r e s f r o m t h e e x p e c t e d were 
e l i c i t e d among t h e B r i t i s h . 
I n a d d i t i o n , i n t h e case o f Swedes, t h e t i m e 
e l a p s e d s i n c e t h e l a s t s u n b a t h e u n t i l t h e day o f t h e 
t e s t . ( d a y s u i a , d a y s f h ) i s a l s o a f a c t o r t o r e c k o n w i t h 
( t a b l e 1 1 1 , 2 - 5 ) , H e r e , t h e s h o r t n e s s o f t h e p e r i o d 
( a l s w a y s s h o r t e r among f e m a l e s ) may a l s o have c o n t r i b -
u t e d t o t h e a p p e a r a n c e o f d e v i a t i o n s f r o m t h e g e n e r a l 
r u l e . 
Summary As a w h o l e , t h e n , between-sex d i f f e r e n c e s agree 
w e l l w i t h t h e e x p e c t a n c e s , and t h e e x i s t i n g d e v i a t i o n s 
a r e r e a d i l y e x p l a i n e d by t h e i n f l u e n c e o f e n v i r o n m e n -
t a l f a c t o r s ( m a i n l y d i f f e r e n c e s i n e x p o s u r e p a t t e r n s ) . 
These f a c t o r s h a v e , however, n o t been i n t r o d u c e d i n 
t h e s t a t i s t i c a l c a l c u l a t i o n s . The t a s k o f d e t e r m i n i n g 
w h e t h e r o r n o t i t s i n c l u s i o n can s i g n i f i c a n t l y s h i f t 
i n an u n e x p e c t e d d i r e c t i o n t h e p a t t e r n o f d i f f e r e n c e s 
e l i c i t e d i n t h i s s e c t i o n w i l l be d e a l t w i t h i n chap-
t e r 
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Summary T h u s , t h e c o n c l u s i o n s r e a c h e d i n t h i s c h a p t e r add 
f u r t h e r s u p p o r t t o t h e t h e s i s t h a t , w i t h i n any popu-
l a t i o n , women a r e t o be e x p e c t e d t o be l i g h t e r t h a n 
men, and t h a t any e v e n t u a l d e v i a t i o n f r o m t h a t r u l e 
i s p r o b a b l y t o be l o o k e d a t as e i t h e r t h e e f f e c t o f 
d i f f e r e n t i a l e x p o s u r e t o e n v i r o n m e n t o r t h e d i r e c t 
r e s u l t o f o t h e r e x t e r n a l f a c t o r s , such as t h e use o f 
c o s m e t i c s , o r b o t h . 
CHAPTER U 
v. E x p o s u r e , age and p i g m e n t a t i o n , A r e g r e s s i o n model. 
T h a t t h e g e o g r a p h i c a l d i s t r i b u t i o n o f s k i n c o l o u r 
i s f a r f r o m b e i n g random was e a r l y h e l d by B i a s s u t i 
( 1 9 4 1 ) , F l e u r e ( 1 9 4 5 ) , S c h w i d e t z k y ( 1 9 5 2 ) and l a t e r 
by o t h e r s ( B a r n i c o t , 1959; Garn, 1 9 6 4 ) , They f e l t 
t h a t t h e r e was a m e a n i n g f u l p a t t e r n i n t h e w o r l d d i s -
t r i b u t i o n o f p i g m e n t a t i o n o f t h e s k i n : i t s g r a d i e n t 
seems t o be i n a c l o s e r e l a t i o n s h i p w i t h l a t i t u d e . 
T h i s r e l a t i o n s h i p has r e c e n t l y been e v a l u a t e d by 
R o b e r t s and K a h l o n ( 1 9 7 6 ) by m u l t i p l e r e g r e s s i o n 
a n a l y s i s and f o u n d c a p a b l e o f e x p l a i n i n g around e i g h t y 
p e r c e n t o f t h e t o t a l v a r i a n c e a t any w a v e l e n g t h . 
Work o f t h a t k i n d r e q u i r e s p r o c e s s i n g a g r e a t body 
o f d a t a f r o m many d i f f e r e n t g e o g r a p h i c a l r e g i o n s . The 
p r e s e n t work w i l l n o t d e a l w i t h t h e s t u d y o f between-
p o p u l a t i o n v a r i a n c e , as R o b e r t s and K a h l o n d i d , b u t 
m a i n l y w i t h w i t h i n v a r i a n c e by means o f p o u r i n g i n 
i n f o r m a t i o n on t h e b e h a v i o u r a l a s p e c t s o f e x p o s u r e t o 
U U - r a d i a t i o n and a n a l y s i n g i t s i m p a c t on p i g m e n t a r y 
v a r i a b i l i t y . 
The l i m i t a t i o n s i m p o s ed by t h e SPSS a n a l y s i s o f 
v a r i a n c e s u b p r o g r a m upon t h e number o f p r o c e s s a b l e 
f a c t o r s and c o v a r i a t e s , t o g e t h e r w i t h t h e f a c t t h a t 
- f o r most a p p l i c a t i o n s o f t h e a f o r e m e n t i o n e d s u b p r o -
gram - i t i s , n e c e s s a r y t o assume t h a t t h e c o v a r i a t e -
b y - f a c t o r i n t e r a c t i o n i s z e r o , make t h e use o f a 
m u l t i p l e r e g r e s s i o n s u b p r o g r a m most a p p r o p i a t e . The 
b e s t s e t o f p r e d i c t i v e v a r i a b l e s w i l l be f o u n d and an 
e q u a t i o n f o r t h e r e g r e s s i o n o f p i g m e n t a t i o n on t h e 
i n d e p e n d e n t v a r i a b l e s w i l l be p r o p o s e d . The dependent 
and i n d e p e n d e n t v a r i a b l e s have a l r e a d y been i n t r o d u c e d 
e l s e w h e r e . As m e n t i o n e d b e f o r e , h a b i t , s b o f t e n and 
s l o f t e n have been r e c o n v e r t e d i n t o a p a i r o f v a r i a b l e s 
- h a b i t u ( f o r t h e u i a ) and h a b i t f ( f o r t h e f h ) - w i t h 
t h r e e c a t e g o r i e s e a c h , w h i l e , i n s t e a d o f h a t , i t s comp-
l e m e n t a r y - newhat - was u t i l i z e d . I n o r d e r t o i m p r o v e 
t h e p r e d i c t i v e a b i l i t y o f some o f t h e d i m e n s i o n s under-
l y i n g t h e whole s e t o f i n d e p e n d e n t v a r i a b l e s , c e r t a i n 
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f u n c t i o n s o f some o f t h e p r i m a r y v a r i a b l e s - age and 
d a y s u i a / d a y s f h - haue been i n c o r p o r a t e d i n t o t h e a n a l y -
s i s , as u y i l l be seen l a t e r . C o n s e q u e n t l y , t h e b i v y a r i a t e 
c o r r e l a t i o n s l u i t h i n each o f t h e s e t h r e e s e t s o f p r e -
d i c t o r s a r e v e r y h i g h , e v e n t u a l l y e x c e e d i n g r = 0 . 9 0 0 . 
H i g h and m o d e r a t e c o r r e l a t i o n s appear o c c a s i o n a l l y be-
twee n t h e d a y s - s e t s , on t h e one hand, and t h e age s e t , 
on t h e o t h e r ( h i g h e s t 0 . 7 6 ) ; or between h a b i t - and 
t h e d a y s - and age s e t s ( h i g h e s t 0,49 f o r b o t h ) . O t h e r -
u i i s e , e x c e p t f o r neiuhat m i t h age ( S w e d i s h m a l e s : 
0.359) and c r f h w i t h c r f h n b w ( S p a n i s h f e m a l e s : 0,.324),' 
most c o r r e l a t i o n c o e f f i c i e n t s have a b s o l u t e v a l u e s 
u n d e r 0.30 and even 0.10. The SPSS program does n o t 
d e a l w i t h c u r v i l i n e a r r e g r e s s i o n , and so t h e s t e p 
above i s f o u n d t o be h i g h l y c o n v e n i e n t a l s o i n t h i s 
r e s p e c t , b u t t h e h i g h i n t e r c o r r e l a t i o n s c r e a t e a p r o b -
l e m , h o w e v e r , s i n c e m u l t i c o l l i n e a r i t y - v e r y h i g h 
i n t e r c o r r e l a t i o n between some, or a l l o f t h e i n d e p e n -
d e n t v a r i a b l e s - can cause a m b i g u i t y i n t h e c a l c u -
l a t i o n o f t h e r e g r e s s i o n c o e f f i c i e n t s . Two ways o u t 
o f t h e p r o b l e m a r e a v a i l a b l e : l ) s u b s t i t u t e t h e s e t 
o f h i g h l y i n t e r c o r r e l a t e d v a r i a b l e s by a new one, 
w h i c h i s a c o m p o s i t e f u n c t i o n o f them a l l , and 2) use 
o n l y one o f them t o r e p r e s e n t t h e common u n d e r l y i n g 
d i m e n s i o n . 
The s e c o n d o p t i o n i s p r o v i d e d , as p a r t o f t h e s t a n -
d a r d s t a t i s t i c a l p r o c e d u r e , by a v a r i a n t w i t h i n t h e 
SPSS r e g r e s s i o n s ubprogram i t s e l f . The s t e p w i s e i n -
c l u s i o n method s e l e c t s among t h e a v a i l a b l e v a r i a b l e s 
t h e b e s t s u b s e t o f p r e d i c t o r s t h a t w i l l y i e l d an op-
t i m a l r e g r e s s i o n e q u a t i o n w i t h - i f d e s i r e d - as few 
t e r m s as p o s s i b l e . The v a r i a b l e s a r e e n t e r e d i n s i n g l e 
s t e p s , f r o m b e s t t o w o r s t , p r o v i d e d t h a t t h e y meet t h e 
s t a t i s t i c a l c r i t e r i a ( n , F, T) e s t a b l i s h e d by t h e r e -
s e a r c h e r . The v a r i a b l e t h a t e x p l a i n s t h e g r e a t e s t 
amount o f v a r i a n c e u n e x p l a i n e d by t h e v a r i a b l e s a l -
a l r e a d y i n t h e e q u a t i o n i s e n t e r e d a t each s t e p . The 
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f i r s t p a r a m e t e r , n, i s t h e maximum number o f i n d e -
p e n d e n t v a r i a b l e s w h i c h a r e t o be a c c e p t e d i n t o t h e 
e q u a t i o n . F i s t h e minimum v a l u e o f t h e F r a t i o w h i c h 
t h e r e s e a r c h e r i s w i l l i n g t o a c c e p t f o r each new 
v a r i a b l e ' s r e g r e s s i o n c o e f f i c i e n t , 1-T i s t h e maximum 
p r o p o r t i o n o f v a r i a n c e w h i c h a v a r i a b l e i s a l l o w e d t o 
have i n common w i t h o t h e r s a l r e a d y i n t h e e q u a t i o n i f 
i t i s t o be a d m i t t e d . T i s t h u s t h e s e l e c t i v e a g e n t 
a c c o r d i n g t o t h e a f o r e m e n t i o n e d o p t i o n 2 ) . The em-
p h a s i s has t h e n been p l a c e d on T ( 0 . 8 5 , 0.95 and 0.99 
have been t e n t a t i v e l y t r i e d ) w h i l e r a t h e r l o o s e Re-
s t r i c t i o n s have been s e l e c t e d f o r n and F, The minimum 
a v a i l a b l e v a l u e , 0 , 0 1 , has been a d o p t e d f o r F and h 
has been made e q u a l t o 14, t h e maximum number o f i n d e -
p e n d e n t v a r i a b l e s p r e s e n t e d , 
A r a t h e r more demanding q u e s t i o n i s t h a t o f t h e 
a s s u m p t i o n s t o be met. For i n f e r e n c e s beyond t h e 
sample l e v e l ( H a y s , 1 9 8 1 ) , t h e s e a r e : 
1) The e r r o r s a r e n o r m a l l y d i s t r i b u t e d w i t h expec-
t a t i o n s o f z e r o f o r each t r e a t m e n t - c o m b i n a t i o n 
p o p u l a t i o n . 
2) The e r r o r s have e x a c t l y t h e same v a r i a n c e f o r each 
t r e a t m e n t - c o m b i n a t i o n p o p u l a t i o n . 
3) The e r r o r s a r e i n d e p e n d e n t , b o t h w i t h i n each t r e a t -
m e n t - c o m b i n a t i o n and a c r o s s t r e a t m e n t - c o m b i n a t i o n s . 
4 ) The r e g r e s s i o n o f t h e de p e n d e n t v a r i a b l e on any o f 
t h e p r e d i c t o r v a r i a b l e s i s l i n e a r . 
A l l t h e s e a s s u m p t i o n s p r e s u p p o s e as a b a s i c r e -
q u i r e m e n t t h a t t h e s a m p l e s be drawn a t random f r o m 
t h e i r r e s p e c t i v e p o p u l a t i o n s , a c o n d i t i o n w h i c h has 
h o p e f u l l y been s a t i s f i e d as a l r e a d y r e f e r r e d t o . The 
two f i r s t r e q u i r e m e n t s , on t h e o t h e r hand, mean t h a t 
f o r each p o s s i b l e c o m b i n a t i o n o f i n d e p e n d e n t v a r i a b l e s 
t h e s c o r e s must come f r o m c o r r e s p o n d i n g s e c t i o n s o f 
t h e p o p u l a t i o n , p r e s e n t i n g b o t h h o m o s c e d a s t i c i t y o f 
v a r i a n c e and n o r m a l d i s t r i b u t i o n . F u l f i l m e n t o f t h e 
t h i r d a s s u m p t i o n r e q u i r e s t h e a t t a i n m e n t o f a c c e p t -
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a b l e i n d e p e n d e n c e between t h e p r e d i c t o r s and t h a t 
t h e d a t a w i t h i n each t r e a t m e n t - c o m b i n a t i o n c o r r e s p o n d 
t o i n d e p e n d e n t o b s e r v a t i o n s . I t has been shown w i t h i n 
t h e s a m p l e s , f o r t r e a t m e n t - c o m b i n a t i o n s a t t h e t w o -
v a r i a b l e l e v e l ( t a b l e B , 2 ) , t h a t t h e n o r m a l i t y o f d i s -
t r i b u t i o n r e q u i r e m e n t n o r m a l l y h o l d s , and i t was shown 
a t t h e o n e - v a r i a b l e l e v e l t h a t h o m o s c e d a s t i c i t y o f 
v a r i a n c e g e n e r a l l y h o l d s as w e l l ( t a b l e s I \ y , 1 - 1 , 
I U , 2 - 1 and I \ y , 3 - 1 ) , Owing t o t h e h i g h number o f p r e -
d i c t o r s and t r e a t m e n t s , many of t h e t r e a t m e n t - c o m b i -
n a t i o n s ( a r r a y s ) c o n t a i n e x t r e m e l y low q u a n t i t i e s o f 
s c o r e s w i t h i n t h e s a m p l e s , and i t becomes u t t e r l y im-
p o s s i b l e t o s t u d y s c o r e d i s t r i b u t i o n and v a r i a n c e 
w i t h i n t h e c o r r e s p o n d i n g s e c t i o n s o f t h e p o p u l a t i o n s . 
I n t h e absence o f c o n t r a d i c t o r y e v i d e n c e i t w i l l be 
s u p posed t h a t d i s t r i b u t i o n and v a r i a n c e do n o t behave 
a t t h o s e l e v e l s worse t h a n t h e y d i d f o r t h e whole 
p o p u l a t i o n s - as s t u d i e d t h r o u g h t h e samples a t t h e 
one and t w o - v a r i a b l e l e v e l s . The p o s s i b i l i t y o f an 
e v e n t u a l v i o l a t i o n o f . t h e n o r m a l i t y and h o m o s c e d a s t i -
c i t y r e q u i r e m e n t s s h o u l d , t h u s , be b orne i n mind and, 
a t t h a t r e s p e c t , a r e m a r k must be made here on a f e a -
t u r e o f t h e r e g r e s s i o n a n a l y s i s : n a m e l y , t h a t t h e 
need f o r a s s u m p t i o n s i s n o t t h e same f o r a l l p o s s i b l e 
a p p l i c a t i o n s o f t h e r e g r e s s i o n a n a l y s i s (FIC Nemar, 
1959; Hays, 1 9 8 1 ) , A t any r a t e , t h e u l t i m a t e check o f 
t h e s m o o t hness w i t h w h i c h t h e a s s u m p t i o n s q u e s t i o n has 
been d e a l t w i t h i s p r o v i d e d by d i r e c t e x a m i n a t i o n o f 
t h e r e s i d u a l s . 
The f o u r t h r e q u i r e m e n t i s a t t h e c o r e o f t h e p r o -
blem s i n c e t h e SPSS r e g r e s s i o n subprogram does n o t 
h a n d l e n o n - l i n e a r c o r r e l a t i o n s . I f , however, v a r i a b l e 
Y shows c u r v i l i n e a r r e g r e s s i o n on v a r i a b l e X, and 
f ( X ) i s t h e f u n c t i o n r e l a t i n g b o t h t o each o t h e r , Y's 
r e g r e s s i o n on X w i l l be l i n e a r and o f t h e f o r m Y = 
A + B , f ( X ) , Thus, t h e f i r s t s t e p t o u n d e r t a k e , p r i o r 
t o t h e a n a l y s i s o f r e g r e s s i o n i t s e l f , i s t h e s y s t e m -
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a t i c e x p l o r a t i o n o f t h e n a t u r e o f t h e r e l a t i o n s h i p s .. 
between t h e d e p e n d e n t v a r i a b l e , p i g m e n t a t i o n , and 
each o f t h e i n d e p e n d e n t o n e s , i n o r d e r t o f i n d t h e 
a p p r o p i a t e f ( X ) f o r each c a s e . T h i s has a l r e a d y been 
done i n a n o t h e r c h a p t e r , and - i n a d d i t i o n t o d e c i d i n g 
t o keep h a b i t u and h a b i t f as d i c h o t o m i e s , t o g e t h e r 
w i t h t h e r e s t o f t h e b e h a v i o u r a l v a r i a b l e s - new p r e -
d i c t o r s have been p r o p o s e d : s e v e r a l powers o f age and 
d a y s - p l u s t h e l o g a r i t h m i c and i n v e r s e f u n c t i o n s o f 
d a y s u i a and d a y s f h , 
T's l o w e s t v a l u e s have been s e l e c t e d as 0,85 and 
0,95, w h i c h i m p l i e s t h a t a t each s t e p no more t h a n ' 
r e s p e c t i v e l y 15 and 5 p e r c e n t o f t h e v a r i a n c e o f 
each i n d e p e n d e n t v a r i a b l e , e v e n t u a l l y t o be a d m i t t e d 
i n t o t h e r e g r e s s i o n e q u a t i o n , may be e x p l a i n e d by 
v a r i a b l e s a l r e a d y i n i t . These p e r c e n t a g e s , however, 
c o r r e s p o n d t o c o r r e l a t i o n c o e f f i c i e n t s o f 0,387 and 
0.224 r e s p e c t i v e l y , s i g n i f i c a n t a t b e t t e r t h a n t h e 
0,001 and 0.050 l e v e l s r e s p e c t i v e l y (among Swedes and 
S p a n i a r d s ) . T h ere e x i s t b e t w e e n t h e i n d e p e n d e n t v a r i -
a b l e s , as p o i n t e d o u t b e f o r e , numerous cases o f c o r -
r e l a t i o n a t t h o s e l e v e l s and even h i g h e r , w h i c h has 
been c o n s i d e r e d s a f e r t o a v o i d . Even w i t h i n t h e 
B r i t i s h s a m p l e s , where t h e 0.05 l e v e l o f s i g n i f i c a n c e 
c o r r e s p o n d s t o a c o e f f i c i e n t o f 0.354, t h e r e c u r r e n c e 
o f t h e phenomenon may l e a d t o d e c r e a s e d r e l i a b i l i t y 
o f t h e r e s u l t s c o n c e r n i n g t h e r e l a t i v e i m p o r t a n c e o f 
t h e v a r i a b l e s , as i n d i c a t e d by t h e p a r t i a l r e g r e s s i o n 
c o e f f i c i e n t s ( N i e e t a l . , 1 9 7 5 ) . On t h e o t h e r hand, a 
t o o - s t r i c t s e l e c t i o n o f p r e d i c t o r s m i g h t p r o v o k e an 
u n d e r e s t i m a t i o n o f t h e m u l t i p l e c o r r e l a t i o n c o e f f i -
c i e n t s . C o n s e q u e n t l y , t h e b e s t a v a i l a b l e e q u a t i o n has 
been p i c k e d o u t f r o m e a c h model by t h e s i m p l e p r o -
c e d u r e o f l e a v i n g o u t a l l p r e d i c t o r s a d m i t t e d a f t e r 
t h e minimum SEE ( s t a n d a r d e r r o r o f e s t i m a t i o n ) has 
been r e a c h e d . A f t e r w a r d s , t h e b e s t f i t has been s e l e c -
t e d o u t o f t h e t h r e e p o s s i b i l i t i e s . I n no case had a 
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c - o m b i n a t i o n w h i c h was n o t c o n t a i n e d i n e i t h e r t h e 
0,95 o r t h e 0,99 models t o be e l e c t e d . The r e s u l t s 
a p p e a r i n t a b l e D,2 . T h i s modus o p e r a n d i i s made 
p o s s i b l e by t h e s t e p w i s e n a t u r e o f t h e p r o c e d u r e , and 
i t c o n s t i t u t e s , t o g e t h e r w i t h t h e p o s s i b i l i t y o f ob-
j e c t i v e l y d e a l i n g w i t h t h e c o l l i n e a r i t y p r o b l e m , i t s 
most i m p o r t a n t a d v a n t a g e and t h e main r e a s o n f o r 
c h o s i n g i t . 
E r r o r s o f measurement o r f a i l u r e t o f u l f i l t h e as-
s u m p t i o n s r e s u l t i n s e r i a l c o r r e l a t i o n among t h e r e -
s i d u a l s ( D o h n s t o n , 1972; N i e e t a l . , 1 9 7 5 ) . When n o t 
i n t e r n a l l y n e u t r a l i z e d because o f o p p o s i t e s i g n e d • 
a u t o c o r r e l a t i o n s c o n t r i b u t e d by two o r more i n d e p e n -
d e n t v a r i a b l e s , i t can be d e t e c t e d by means o f t h e 
D u r b i n - W a t s o n t e s t ( D u r b i n and Watson, 1950 and 1 9 5 1 ) , 
As one o f t h e o p t i o n s w i t h i n t h e s u b p r o g r a m , t h e 
D u r b i n - W a t s o n s t a t i s t i c t o each c o m p l e t e r e g r e s s i o n 
m o d e l i s c a l c u l a t e d by r e q u e s t . The r e s u l t s o f t h e 
t e s t f o r t h e 0.95 and 0.99 models a r e , as a w h o l e , 
q u i t e s a t i s f a c t o r y ( t a b l e V . l - l ) , e s p e c i a l l y a t t h e 
i n n e r arm and - c u r i o u s l y enough - w i t h i n t h e s m a l l e r 
s a m p l e s . The s c a t t e r g r a m s w h i c h p l o t r e s i d u a l s v e r s u s 
p r e d i c t e d Y v a l u e s do n o t show any o f t h e a b e r r a t i o n s 
c o n s i s t e n t l y a s s o c i a t e d w i t h t h e p e r s i s t e n c e o f l i n -
e a r i t y o r c u r v i l i n e a r i t y n o t a c c o u n t e d f o r by t h e p r e -
d i c t o r s ( f i g , U , , 1 - l ) , Any e x i s t i n g ' a b n o r m a l i t i e s ' 
a r e i n s t e a d p r e s u m a b l y t o be a s s o c i a t e d w i t h o c c a s i o n a l 
f a i l u r e i n f u l f i l i n g t h e n o r m a l i t y and h o m o g e n e i t y o f 
v a r i a n c e a s s u m p t i o n s o r p e r h a p s even t o u n d e t e c t e d e r -
r o r s o f measurement, l i m i t a t i o n s upon w h i c h no f u r t h e r 
c o n t r o l can be e f f e c t e d . 
The mean, s t a n d a r d d e v i a t i o n and number o f c ases 
o f e a c h o f t h e v a r i a b l e s d e a l t w i t h i n t h e p r e s e n t 
s e c t i o n a r e shown i n t a b l e \/,1-1. Unknown cases have 
been d e l e t e d l i s t w i s e . 
The number o f v a r i a b l e s p r o d u c i n g ( a f t e r s e l e c t i o n 
a c c o r d n i n g t o t h e optimum SEE) t h e b e s t f i t i s n o r m a l -
l y b e tween one and t h r e e . The i d e n t i t y o f t h e s e p r e -
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a . < . X ••an a.d. 1 ••an a.d. H ••an a.d. 
4.028 211 29.720 4.609 527 nlal 54.291 4.758 207 55.215 5.039 5.072 57.021 5.066 aia2 45.605 4.656 43.611 5.253 
5.603 57.283 5.162 ala3 44.210 5.464 44.074 5.409 
5.219 57.719 5.151 ala4 43.699 4.879 43.940 5.106 5.512 55.864 5.024 ala5 41.076 4.669 42.255 4.826 5.420 41.151 4.977 QU6 46.124 4.276 47.113 4.717 5.764 54.202 4.683 nia7 57.350 4.408 57.506 4.899 
4.895 62.553 4.160 QlaS 63.981 4.241 63.542 4.595 
4.328 64.580 5.818 Qla9 65.746 5.568 64.827 4.276 
102.189 141.055 78.•07 daraula 173.652 96.907 156.875 70.940 
15.275 27.028 17.096 a«e 22.546 13.153 27.511 17.325 
0.459 0.899 0.502 habitu 0.691 0.463 0.897 0.305 
0.550 0.558 0.480 eruia 0.169 0.576 0.420 0.494 
0.500 0.480 0.500 














































































































































































dayaula 284.821 166.374 















eruianow 0.013 0.113 

































































































cruianow 0.0 0.0 0.044 0.208 
Table T.1-2. Keanai standard derlationa and mraber of eaaea of the 
•ajaples Inrolred In the regreaaion analyaia of table B.2. 
•alea and faaalea aeparate. 
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I • I 
--rr':^''T^^:.V.^^.' 
I : ...... ^—»••. 
(a) to) 
(c) 
P i g . V.1-1. S c a t t e r p l o t s o f r e e l d u a l B . I n each o f the g r a -
p h i c s the v e r t i c a l a x l e r e p r e s e n t s the r e s i d u a l a w h i l e the 
h o r i z o n t a l a x i s represents the v a r i a b l e a g a i n s t which the 
r e s i d u a l s are being p l o t t e d . The diagraas ( a ) t o ( d ) show 
f o u r basic p a t t e r n s t h a t might emerge, ( b ) , ( c ) a n d ( d ) be-
t r a y ' a b n o r m a l i t i e s ' t h a t r e q u i r e c o r r e c t i o n . The p a t t e r n 
o f ( b ) I n d i c a t e s t h a t the v a r i a n c e o f r e s i d u a l s depends upon ' 
the value o f the v a r i a b l e p l o t t e d on the h o r i z o n t a l a x i s . 
The p a t t e r n o f ( c ) i s i r d i c a t i v e o f a l i n e a r r e l a t i o n s h i p 
between t h e r e s i d u a l s and the v a r i a b l e on the h o r i z o n t a l 
a x i s . The arched p a t t e r n o f ( d ) i s i n d i c a t i v e o f a c u r v i -
l i n e a r r e l a t i o n s h i p between the r e s i d u a l s and the v a r i a b l e 
p l o t t e d on the h o r i z o n t a l a x i s . Only the s t r a i g h t band 
p a t t e r n o f ( a ) i n d i c a t e s r e l a t i v e freedom froTi a h n o r n a l l -
t i e s . ( A f t e r Hie e t a l . , 1P75). 
d i c t o r s p r e s e n t s a r e g u l a r p a t t e r n o n l y w i t h i n t h e 
b i g g e r s a m p l e s , Swedish males and f e m a l e s . Among 
Swedes, two o f t h e t h r e e f i r s t p l a c e s a r e o c c u p i e d 
by some f u n c t i o n o f d a y s - ( n o r m a l l y d - i n o r d - l g ) 
and one o f t h e powers o f age, e x c e p t f o r f e m a l e s a t 
t h e i n n e r arm where age's p l a c e i s t a k e n by c r u i a n o w 
o r by no p r e d i c t o r a t a l l . The r e m a i n i n g p o s i t i o n , 
when t h e r e i s one, b e l o n g s u s u a l l y t o h a b i t u , h a b i t f 
o r c r f h . Among S p a n i a r d s , t h e u s e f u l n e s s o f t h e be-
h a v i o u r a l v a r i a b l e s as p r e d i c t o r s (most o f them, ex-
c e p t h a b i t f and c r f h n o w ) has i n c r e a s e d a t t h e e x -
p e n s e s o f t h e f u n c t i o n s o f age and d a y s - , p a r t i -
c u l a r l y among f e m a l e s a t t h e i n n e r arm where t h e y 
have c o m p l e t e l y r e p l a c e d them. The number o f p r e -
d i c t o r s has d e c r e a s e d w i t h r e s p e c t t o Swe+Aswe, A 
f u r t h e r f a l l c h a r a c t e r i z e s t h e B r i t i s h s a m p l e s . H e r e , 
h a b i t - o f t e n t a k e s t h e f i r s t p o s i t i o n f r o m t h e f u n c -
t i o n s o f age and d a y s - , e x c e p t among males a t the i n n e r 
arm and f e m a l e s a t t h e f o r e h e a d , where t h o s e two k i n d s 
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s t i l l occupy them i n b l o c k . As a w h o l e , t h e p i c t u r e •• 
a g r e e s w e l l w i t h what has a l r e a d y been r e p o r t e d i n the 
p r e c e d i n g c h a p t e r s . 
I t must be e m p h a s i z e d t h a t , iowing t o t h e i d i o s y n -
c r a s y o f t h e s t e p w i s e r e g r e s s i o n method, i t i s by no 
means s a f e t o l o o k a t t h e p r e d i c t o r s i n t h e r e g r e s s i o n 
e q u a t i o n as r e p r e s e n t i n g t h e v a r i a t e s most h i g h l y c o r -
r e l a t e d w i t h t h e i n d e p e n d e n t one. T h i s a s s e r t i o n i s 
o n l y t r u e o f t h a t e n t e r e d i n t h e f i r s t p l a c e . S i n c e 
a p r e d i c t o r ' s p a r t i a l c o r r e l a t i o n c o e f f i c i e n t i s o n l y 
a d j u s t e d f o r v a r i a b l e s e n t e r e d i n t o t h e r e g r e s s i o n 
model p r i o r t o i t s own a d m i s s i o n , i t may i n t r o d u c e ' 
w i t h i n i t s e l f o t h e r v a r i a t e s ' c o r r e l a t i o n s w i t h t h e 
i n d e p e n d e n t one, and so i n d i r e c t l y r e p r e s e n t o t h e r 
u n d e r l y i n g d i m e n s i o n s . a n d t h e i r e f f e c t s , as w e l l as 
i t s own. T h i s i s o f t e n t h e case between h a b i t - and 
c r - , on t h e one h a n d , and between t h e f u n c t i o n s o f 
age and d a y s - , on t h e o t h e r . Thus, i t i s n e i t h e r s a f e 
t o l o o k a t t h e v a r i a b l e s i n an e q u a t i o n as u n e q u i v o -
c a l l y r e p r e s e n t i n g a l l d i m e n s i o n s w o r t h y o f c o n s i d e r -
a t i o n . I t may w e l l be t h e case t h a t one or more o f 
t h e p r e d i c t o r s s t a n d , c o m bined o r s e p a r a t e , f o r one 
o r more d i m e n s i o n s w h i c h , a p p a r e n t l y , were n o t con-
s i d e r e d a t a l l . 
Among Swedes, v a r i a b l e s age and d a ys- range o v e r 
v e r y w i d e v a l u e s , a f a c t t h a t c r e a t e s t h e mathemat-
i c a l g r o u n d f o r an e a s i e r m a n i f e s t a t i o n o f c o r r e -
l a t i o n s . I n a d d i t i o n , t h e a v e r a g e l a s t r a d i a t i o n i n -
t a k e l i e s much c l o s e r t o t h e t e s t day t h a n w i t h i n t h e 
o t h e r s a m p l e s , w h i c h w o r k s i n t h e same d i r e c t i o n as 
i n c r e a s e d s c o r e d i s p e r s i o n w i t h i n d a y s - , and a c e r -
t a i n p r o p o r t i o n o f t h e Swede's s u n b a t h i n g a c t i v i t i e s 
v e r y o f t e n t a k e s p l a c e i n S o u t h e r n Europe's h o l i d a y 
r e s o r t s . At home, und e r s k i e s w h i c h are o v e r c a s t 
d u r i n g most o f t h e y e a r , i t i s r e l e v a n t t o c o n s i d e r 
how o f t e n and m e t h o d i c a . l l y e x p o s u r e t a k e s p l a c e . 
C o n s e q u e n t l y , h a b i t - and c r f h become i m p o r t a n t . 
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a l t h o u g h s e c o n d a r y t o age and d a y s - F u n c t i o n s , 
Among t h e b e h a v i o u r a l p r e d i c t o r s t h e predom i n a n c e 
o f h a b i t u i s u n d i s p u t e d a t t h e i n n e r arm. But a t 
t h e f o r e h e a d , t h e d i s t i n c t i o n betiueen e x p o s e r s and 
n o n - e x p o s e r s i s someiuhat b l u r r e d and c r f h becomes 
r e l a t i v e l y i m p o r t a n t as u / e l l . I t has been p o i n t e d 
o u t t h a t , g e n e r a l l y , i n n e r arms become l i g h t e r and 
f o r e h e a d s d a r k e r l u i t h age, b u t among luomen c r u i a n o u j 
has become a f a c t o r t o r e c k o n u u i t h , a l m o s t always 
r e i n f o r c i n g t h e u s u a l t r e n d . C r f h n o i u ' s and neiuhat's 
b e t a r e g r e s s i o n c o e f f i c i e n t s a r e o f t e n n o t s m a l l e r 
t h a n c r f h ' s , b u t t h e y a r e p r e v e n t e d f r o m a d m i s s i o n -
b ecause o f t h e i r s m a l l T's. 
Among S p a n i a r d s , as among t h e B r i t i s h , oiuing t o 
t h e much s h o r t e r d i s t r i b u t i o n r a n g e f o r age and t o 
t h e r e l a t i v e r e m o t e n e s s o f t h e a v e r a g e l a s t r a d i a t i o n 
i n t a k e a t t h e i n n e r arm, t h e b e h a v i o u r a l v a r i a b l e s 
a p p e a r f r e q u e n t l y i n t h e f i r s t p l a c e s . At t h e i n n e r 
arm, t h e r e l e v a n c e o f b e i n g o r n o t b e i n g an e x p o s e r 
i s enhanced i n t h e r a d i a t i o n - r i c h S p a n i s h c l i m a t e , as 
r e v e a l e d by h a b i t u ' s b e t a r e g r e s s i o n c o e f f i c i e n t s . I n 
c o m p a r i s o n , c r u i a i s l e s s i m p o r t a n t . But e x p o s e r or 
n o t , t h e r e i s no luay f o r a f o r e h e a d t o escape r e g u l a r 
i r r a d i a t i o n u n l e s s i t i s n o r m a l l y c o v e r e d . Here t h e 
d e t e r m i n a n t f a c t o r s a r e t h e e x t e n t o f t h e use o f 
f r i n g e and h a t s , e s p e c i a l l y among m a l e s , and o f p r o -
t e c t i v e creams among f e m a l e s , C r f h n o i u and h a b i t f are 
o f t e n e i t h e r s m a l l o r t o o h i g h l y c o r r e l a t e d ( l o i u T) 
t o p r e d i c t o r s i n t h e e q u a t i o n , i n u j h i c h case i t s ad-
m i s s i o n i s n o r m a l l y b l o c k e d . 
W i t h i n t h e B r i t i s h s a m p l e s , t h e a v e r a g e l a s t r a d i -
a t i o n i n t a k e l i e s f a r b e h i n d i n t i m e and t h e days-
d i m e n s i o n keeps i t s i m p o r t a n c e o n l y among males a t 
t h e i n n e r arm and f e m a l e s a t t h e f o r e h e a d , a l t h o u g h 
i t s a d m i s s i o n i s o b s t r u c t e d i n t h e second case by loiu 
T's. Age i s s t i l l o f some i m p o r t a n c e everyuuhere - p a r -
t i c u l a r l y a t t h e f o r e h e a d among f e m a l e s - b u t n o t a t 
e a c h f i l t e r . Among males a t t h e i n n e r arm and f e m a l e s 
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a t t h e f o r e h e a d d i f f e r e n c e s between e x p o s e r s and noa-
e x p o s e r s a r e s m a l l , as r e v e a l e d by t h e s i z e s o f t h e i r 
b e t a r e g r e s s i o n c o e f f i c i e n t s . S i n c e p r o x i m i t y between 
t h e means f o r h a b i t - ' s tu;o c a t e g o r i e s , i n t h e tiuo 
a f o r e m e n t i o n e d c a s e s , i s n o t l i k e l y t o go accompanied 
by h i g h l e v e l s o f r a d i a t i o n i n t a k e , days-'s i m p o r t a n c e 
can n o t be a t t r i b u t e d t h e r e t o t h e e n h a n c i n g e f f e c t s 
o f i n t e n s i v e e x p o s u r e on t h e p i g m e n t a t i o n l e v e l s o f 
c a s e s l u i d e l y d i s p e r s e d a l o n g d i m e n s i o n d ays-. I n s t e a d , 
i t i s p r e s u m a b l y t o be seen as t h e e f f e c t o f u n u s u a l -
l y h i g h d i s p e r s i o n v a l u e s on m a g n i f y i n g i n i t i a l l y ^ 
uueak i n t e r - i n d i v i d u a l d i f f e r e n c e s ( f o r m u l a I \ y . 1 - l ) ' b y 
l e n g t h e n i n g t h e maximum a v a i l a b l e i n t e r - i n d i v i d u a l 
t i m e d i s t a n c e betiueen any two s t a g e s i n t h e d e c a y i n g 
p r o c e s s e s o f d i f f e r e n t p i g m e n t a t i o n c a s e s . I n view, o f 
t h e r e s u l t s , t h e r e a r e r e a s o n s t o s u s p e c t t h a t - a t 
l e a s t among t h e B r i t i s h - a male e x p o s e r i s r e l a t i v e -
l y u n c o n c e r n e d w i t h h i s i n n e r arm, s i n c e f e m a l e s do 
n o t f a i l t o a c h i e v e - m u c h g r e a t e r d i f f e r e n c e s t h e r e ; 
w h i l e f e m a l e e x p o s e r s a r e p o s s i b l y n o t much more c o n -
c e r n e d w i t h t a n n i n g t h e i r f o r e h e a d s t h a n t h e i r non-
e x p o s e r c o u n t e r p a r t s - i n s p i t e o f t h e i n f o r m a t i o n 
t h e y f e d i n t o t h e q u e s t i o n n a i r e - or p e r h a p s t h e y are 
n o t v e r y s u c c e s f u l a t i t . 
I n a d d i t i o n t o t h e random d r i f t o f f r e q u e n c i e s 
t h a t o f t e n t a k e s p l a c e when samples a r e s m a l l , and 
w h i c h can a f f e c t t h e n a t u r e o f our r e s u l t s by u n d u l y 
a u g m e n t i n g o r d i m i n i s h i n g t h e w e i g h t o f a c e r t a i n 
c a t e g o r y o r s u b g r o u p o f s c o r e s , i t must a l s o be borne 
i n m i n d t h a t f a i l u r e on t h e e x p e r i m e n t e r ' s b e h a l f t o 
a t t a i n c o m p a r a b i l i t y o f d i s t r i b u t i o n s f o r t h e d i f f e r -
e n t s a m p l e s u n d e r s t u d y , may w e l l a f f e c t t h e r e l i a b i l -
i t y o f t h e r e s u l t s when w o r k i n g a t the* i n f e r e n t i a l 
l e v e l . T h i s p o i n t i s p a r t i c u l a r l y w e l l i l l u s t r a t e d i n 
t h e p r e s e n t s t u d y by t h e i m p a c t t h a t t h e d i s p e r s i o n 
s t a t i s t i c s ' s i z e f o r d a y s - and age, or even t h e l o -
c a t i o n o f t h e i r means, have on t h e r e g r e s s i o n equa-
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t i o n s , I n t e r c o r r e l a t i o n s between i n d e p e n d e n t v a r i -
a b l e s and s u b s e q u e n t i n t e r m i n g l i n g o f t h e i r e f f e c t s 
on t h e d e pendent v a r i a t e can be c o n t r o l l e d f o r , b u t 
t h e r e i s no way t o c o r r e c t f o r e i t h e r e r r a t i c f r e -
q u e n c i e s o r s t r u c t u r a l ' i n c o n v e n i e n c i e s ' w i t h i n t h e 
p r e d i c t o r s when e x t r a p o l a t i n g t o t h e p o p u l a t i o n 
l e v e l . The i d e a l sample s h o u l d be as c o m p r e h e n s i v e 
i n d e t a i l as p o s s i b l e and s h o u l d p r e s e n t a l l k i n d s 
o f c o n d i t i o n s w i t h s c o r e s and c a t e g o r i e s a b u n d a n t l y 
r e p r e s e n t e d f o r t h e r e g r e s s i o n model t o have a chance 
t o e v a l u a t e them i n a f u l l y g e n e r a l i z e d c o n t e x t : . a 
r e q u i r e m e n t seldom i f e v e r a p p r o a c h e d . The a u t h o r i s 
w e l l aware o f t h e numerous s h o r t c o m i n g s o f t h e c u r -
r e n t work i n t h i s r e s p e c t : s c o r e s and c a t e g o r i e s 
n u m e r i c a l l y u n d e r r e p r e s e n t e d , mere d i c h o t o m i e s s t a n d -
i n g f o r f u l l - s c a l e c o n t i n u o u s v a r i a t i o n , d i s p e r s i o n 
r a n g e s s h o r t e r t h a n t h e r e a l ones. A l l t h e s e l i m i -
t a t i o n s p a r t i c u l a r i z e t h e c o n c l u s i o n s . They may be 
r i g h t f o r t h e s a m p l e s , b u t l e s s so f o r t h e - p o p u -
l a t i o n s f r o m w h i c h t h e y were e x t r a c t e d . T h i s i s e s -
p e c i a l l y t r u e o f t h e s m a l l e r s a m p l e s : t h e S p a n i a r d s 
a n d , above a l l , t h e B r i t i s h , 
The m u l t i p l e R's f o r t h e i n n e r arm ( t a b l e \/,1-3) 
t e n d t o d e c r e a s e f r o m b o t h ends o f t h e s p e c t r u m t o -
w a rds t h e m i d d l e , r e a c h i n g a minimum a t t h e f i f t h 
f i l t e r ( e v e n t u a l l y a t t h e s i x t h , i n s t e a d ) , a l t h o u g h 
t h e t r e n d i s n o t a l t o g e t h e r c o n s i s t e n t . No r e c o g n i s -
a b l e t r e n d s appear a t t h e f o r e h e a d , a l t h o u g h t h e l a s t 
two f i l t e r s u s u a l l y p r e s e n t t h e l o w e s t f i g u r e s . M u l -
t i p l e c o r r e l a t i o n c o e f f i c i e n t s v a r y f o r t h e i n n e r arm 
b e t w e e n a r o u n d 0,17 ( u i a 9 ) and 0,45 ( u i a l ) , f o r 
S w edish m a l e s ; 0,18 ( u i a 6 ) and 0,38 ( u i a l ) , f o r 
S p a n i s h m a l e s ; and between 0.29 ( u i a 4 ) and 0,59 
( u i a S ) , f o r B r i t i s h m a l e s . From a r o u n d 0,34 ( u i a 5 ) 
t o 0,46 ( u i a l ) , f o r Swedish f e m a l e s ; 0,14 ( u i a 8 ) t o 
0,33 ( u i a 7 ) , f o r S p a n i s h f e m a l e s ; and f r o m 0', 15 
( u i a 5 ) t o 0,29 ( u i a 8 ) , f o r B r i t i s h f e m a l e s . At t h e 
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S:p*+Aapa / 
A H " B H» B a.B» R B« 
USttXp* unazp. unexp. 
17.526 2.213 0.815 0.453 20.554 11.727 2.535 0.578 14.262 7.847 5.801 0.341 11.647 
4ulg hablttt 11 17.988 11 habitu 17'.206 11 eruia 21.257 
11.707 3.133 0.968 0.398 15.808 6.165 1.355 0.274 7.520 9.745 0,312 9.743 
dnln habitu 11 19.854 dulg eraia 23.575 duin 21.379 
10.6*1 2.402 2.363 0.393 15.406 10.135 2.813 0.560 12.948 ; 7.245 5.950 0.365 13.195 
habitu 11 25.260 habltn 11 22.251 dulg 14.902 
7.050 2.119 1.273 0.323 10.421 6.946 4.593 0,557 11.539 5.066 5.474 0.292 8.540 
4o3g habitu 12 21.326 11 habitu 19.451 ' 15 eruia 12,955 
4.665 0.785 0.642 0.247 6.092 4.313 0.208 4.315 8.716 0.295 8.716 
Snin du5 12 20.468 11 18.027 duln 18.612 
7.080 0.725 0.780 0.293 8.584 3.345 0.185 3.545 12.850 0.558 12.850 
duln habitu 11 16.716 11 21.184 duin 9.675 
7.109 1.089 1.148 0.306 9.34i6 4.627 1.468 0.247 6.095 20.650 5.052 0.507 25.682 
dnln habitu 11 17.617 habitu 11 18,502 duln erula 12.056 
3.418 0.753 0.851 0.224 5.022 5-843 2.425 1.991 0.520 10,259 21.729 15.416 0,595 35.144 
luln 12 habitu 17.080 habitu 11 cruia 16.452 dn5 eruia 6.191 
2.820 0.168 2.820 9.228 1.712 0.331 10.940 17.100 9.466 2.856 0.542 29.402 
duln 12.370 11 erula 14,785 dulg 13 erula 8.248 
17.124 0.444 18.952 10.565 0.342 10.565 
dulg habitu 11 
11.277 0.385 14.005 4.930 0.248 4.950 
duln habitu dnlg 
10.205 1.986 1.965 0.393 14.156 8.953 0,318 8.955 
dulfc habitu 11 habitu 
6.576 0.505 8,258 5.721 C.264 5.721 
dulg habitu 11 • 
4.200 0.216 4.200 -duln 
6.626 0.266 6.626 _ 9.824 0.558 9.824 
duln dulB 
6.656 0.267 6.656 - 17.914 0.454 17.914 dnln duln 
2.947 0.185 2.947 4.604 0.242 4.604 19.050 0.595 50.512 
duln habitu du5 eruia 
2.546 0.168 2.346 8.035 0.304 8.055 14.241 0.414 14.241 
duln 11 dulg 
Table T.1-3. The r e g r e s s i o n of pigmentation on age and 
the beharioural r a r i a b l e s , ReZative i'lportance of the 
r r e d i e t o r s . A l l f i l t e r s . Same parameter s p e c i f i c a t i o n s 
as f o r Table D.2. 
Males and females separate. 
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Swe+Aswe j 
• 20,294 0.796 0.4e3 
iulg habltv or-now 
' IB.268 1.401 0.287 
dnlg habltn er-now 
18.T77 1.651 
dulg taabltn 
13.547 1.714 0.J63 





i 7.196 1.192 0.534 
dnlg habltn i1 
10.357 3.471 1.121 
dni 11 habitu 
10.680 3.795 0.644 0.599 















' du1 A1 habitu 
10.398 
i dnlg 41 
Spa+Aapa ^ Bb+lgb f 
unezp. 
0.459 21.573 4.884 
19.911 cr-no» 
0.447 19.955 5.851 1.536 2.248 
22.085 er-now habltn eruia 
0.445 19.828 1.236 1.582 
23.456 habltn crnla 
O.J95 15.624 6.177 
22.000 cr-now 
0.338 11.429 5,518 
20.626 er-now 
0,540 11,578 3.958 2.547 2.212 
19.676 eruia er-now habitu 
0.299 8.922 3.75.1 3.655 3.179 
21.861 eruia habitu er-now 
0.387 14.950 1.890 
17.954 ei^now 
0.397 15.717 ?.850 
15.410 er-now A3 
0.451 20.042 
0,444 19.160 '.612 er-now 
0.445 19.321 
0.391 14.724 4.942 
ej^now 






B B» A B » B B» 
nsexp. unezp. 
0.221 4.884 5.548 0.236 5.548 
21.075 habltn 27,890 
0.510 9.635 3.068 0.175 3.068 
23,112 eruia 31.526 
0.162 2.618 3.704 0.193 3,704 
29.041 babltu 25,284 
0.249 7.668 2.563 0.160 2,563 
21.991 dulg 22,466 
0.235 5.518 2.303 0.152 2,503 
26,859 habitu 24.897 
0.295 8.718 2.591 0.161 2.591 
31.935 habitu 17,155 
0.325 10.586 3.221 0.180 3.221 
21.947 habltn 18.231 
0.138 1.890 5.341 2.798 0.285 8.140 
15.965 habitu cr-now 12.132 
0.210 4.428 3.441 2.380 0.241 5.821 
14,351 dul er-now 9.852 
0.242 4,612 -
0.249 4.942 -
0.235 4.274 _ 
Table V.1-3. The represBion of pigmentation on age and 
the behaTioural r a r i a b l e s . R e l a t i v e i'-portance of the 
r r e d i c t o r a . A l l f i l t e r B . Same parameter s p e c i f i c a t i o n s 
as f o r Table D.2. 
Ii'ales and females separate. 
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Swe+lawe d* Spa+lapa / Ob+Agb i 
A B " 
17.607 2.126 0.855 
11• dflg cr-now 
16.272 2.249 
11 dflg 
15.247 5.040 0.421 
11 dflg erfh 
17.595 2.915 1.166 
i l dflg erfh 
21,211 2,734 
11 dfln 
18.286 1.954 0.965 11 dflg or-now 
12.158 1.076 1.400 
11 dflg erfh 
10.827 3.256 
11 dfl« 
13.009 1.661 0.159 
11 dfl crfh 
B B» A B » B a» 
unexp. uneip. 
0.459 21.074 8.547 6.028 1.473 0.401 16.048 
18.597 nnfaat dfln *f5 10.297 
0.430 18.522 4.604 4.350 4.276 0.364 13.229 
20.959 dfln 12 er-aow 14.946 
0.455 20.709 6.348 4.044 1.597 0.346 11.989 
24.894 dfln 13 nawhat 15.742 
0.463 21.474 10.468 7.272 4.859 0.475 22.599 
21.392 dfln 13 neirtiat 11.513 
0.489 23.945 5.841 2.899 2.144 0.350 10.885 
21.458 11 dfln nawhat 27.044 
0.461 21.204 6.575 4.982 4.271 1.485 0.416 17.511 
25.151 nenhat 11 dfln crfh 17.272 
0.382 14.615 6.511 4.333 0^998 0.544 11.842 
28.570 dfln newhat erfh 18.550 
0.575. 14.082 5.382 1.571 0.225 4.955 
20.589 habitf dfln 20.408 
0.594 15.487 2.998 1.626 0.215 4.623 
15.830 dflg er-now 16.241 
A B » 
11.984 7.772 5.006 
11 habitf er-now 
29.000 
habitf 






























































0.444 18.961 7.651 
newhat dfln 
0.450 17.738 5.669 5.482 
dfln 12 cr-now 
0.450 19.521 5.450-
dfln 13 
0.451 19.542 9.590 6.521 
dfln 13 . nawhat 
0.489 25.214 4.918 
11 
0.450 19.475 5.659 4.147 
newfaat 11 dfln 
0.548 11.718 5.595 
dfin neirtiat 
0,575 13,256 2.455 
habitf 
0.585 15.850 
0.582 12.884 9.050 
. 11 
0.564 10.626 26.665 
habitf 
0.522 8.616 
0.475 20.277 19.684 
habitf 










Table V , 1 - 3 . The r e g r e s s i o n of pigmentation on age ana 
the beharioural T a r i a b l e a . R e l a t i v e importance of the 
p r e d i c t o r s . A l l f i l t e r s . Same parameter s p e c i f i c a t i o n s 
as f o r Table B , 2 , 
V a l e s and females separate. 
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Swe+Aawe j 
11.845 7.065 0.259 
A1 dflg habltf 
1 8.433 6.272 0.768 
A1 dflg faabltf 
; 11,268 6.735 0,434 
A1 dflg habitf 
11,470 5.835 0,668 
• A1 dflg habltf 
13.082 4.304 
; Ai dflg 
10.612 4.016 0,654 
11 dflg erfh 
8,113 2.688 0,891 
dflg erfh AI 
4,859 4.108 0,384 


























































2.096 2.958 3.178 
newhat dflg crfh 
5,214 1,938 1,145 
newhat erfh df5 
2,916 2,920 4.102 
aewhat dflg erfh 
2.075 2.834 
erfh dflg 
1.675 1.827 1.037 
erfh dfl newhat 
6.144 
0.435 18.430 
















































































































Table V,1-3. The r e g r e s s i o n of pigmentation on age ana 
the behavioural v a r i a b l e s . R e l a t i v e l i p o r t a n c e of the 
r r e d i e t o r s . A l l f i l t e r s . Same parameter s p e c i f i c a t i o n s 
as f o r Table D.2. 
Males and females separate. 
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f o r e h e a d i t r a n g e s betiueen 0.38 ( f h S ) and 0.49 ( f h 5 ) , 
f o r Swedish m a l e s ; between 0.22 ( f h 9 ) and 0.48 ( f h 4 ) , 
f o r S p a n i s h m a l e s ; and betujeen 0.17 ( f h 9 ) and 0.56 
( f h 4 ) , f o r t h e B r i t i s h m a l e s . From 0.28 ( f h 9 ) t o 0.44 
( f h l ) , among Siuedish f e m a l e s ; f r o m 0.21 ( f h 3 ) t o 0,32 
( f h 7 ) , among S p a n i s h f e m a l e s ; and f r o m 0,26 ( f h 5 ) t o 
0.49 ( f h S ) , f o r B r i t i s h f e m a l e s , 
M a l e s p r e s e n t h i g h e r R's t h a n f e m a l e s , u j i t h t h e 
e x c e p t i o n o f Sujedes a t t h e i n n e r arm luhere t h e op-
p o s i t e i s t r u e . Among m a l e s and f e m a l e s , m u l t i p l e 
c o r r e l a t i o n c o e f f i c i e n t s a t t h e i n n e r arm a r e s m a l l e r 
t h a n a t t h e f o r e h e a d , e x c e p t f o r B r i t i s h males and ' 
Sw e d i s h f e m a l e s luhere t h e o p p o s i t e r e l a t i o n i s v a l i d . 
C o m p a r i s o n s betujeen samples p r o d u c e t h e f o l l o i u i n g 
r e s u l t s : f o r t h e i n n e r arm and among mal e s , B r i t i s h > 
Swedes > S p a n i a r d s ; among f e m a l e s , Swedes > S p a n i a r d s 
> B r i t i s h . A t t h e f o r e h e a d and f o r b o t h s e x e s , 
Swedes > B r i t i s h > S p a n i a r d s . 
The p e r c e n t a g e s o f v a r i a t i o n ( c o l u m n R ) e x p l a i n e d 
by t h e b e s t c o m b i n a t i o n a v a i l a b l e v a r y w i t h i n each 
s a m p l e , and bet w e e n sexes and p l a c e s , n a t u r a l l y i n 
t h e same f a s h i o n as R. H i g h e s t a t t h e i n n e r arm i s 
35.144 per c e n t ( B r i t i s h o* ) and l o w e s t i s 1.890 per 
c e n t ( S p a n i a r d s 9 ) , w h i l e a t t h e f o r e h e a d 31.252 per 
c e n t ( B r i t i s h d' ) i s h i g h e s t and 3,005 per c e n t 
( B r i t i s h (f ) i s l o w e s t . 
The number o f p r e d i c t o r s a d m i t t e d by t h e popu-
l a t i o n s a t t h e 0,05 l e v e l o f s i g n i f i c a n c e i s even 
more r e d u c e d . N o r m a l l y t h e whole t h i r d and f o u r t h 
c o l u m n s , as w e l l as p a r t s o f t h e s e c o n d , are dropped 
(among S p a n i a r d s and t h e B r i t i s h even some o f t h e 
f i r s t - p o s i t i o n p r e d i c t o r s ) . Among Swedes, a t t h e i n -
n e r arm, o n l y f u n c t i o n s o f d a y s u i a , e v e n t u a l l y h a b i t u 
o r even A1, a r e a c c e p t e d . At t h e f o r e h e a d , n o t h i n g 
b u t A1 and f u n c t i o n s o f d a y s f h a r e a d m i t t e d ( i n t h a t 
v, 2 o r d e r ) . Here, t h e a d j u s t e d R , a more c o n s e r v a t i v e 
e s t i m a t e o f t h e p e r c e n t a g e o f v a r i a t i o n e x p l a i n e d , i s 
243 
u s e d i n s t e a d o f t h e n o r m a l one, 
2 
The R co l u m n s a l s o c o n t a i n t h e a b s o l u t e f i g u r e s 
o f u n e x p l a i n e d v a r i a n c e . G e n e r a l l y s p e a k i n g , t h e 
g r e a t e s t ' v a r i a n c e s appear between t h e g r e e n i s h - b l u e 
and r e d d i s h - o r a n g e f i l t e r s . The g r e a t e s t v a l u e can 
c r o p up anywhere between t h e second and t h e e i g h t 
f i l t e r s . The s m a l l e s t one c r o p s up o f t e n a t t h e n i n t h 
f i l t e r . I f t h e p r e s e n t work has succeeded i n i s o l a t i n g 
e v e r y r e l e v a n t s o r t o f b e h a v i o u r a l l y i n d u c e d v a r i -
a t i o n , t h e s e v a l u e s s h o u l d s t a n d f o r t h e e f f e c t s o f 
e v e r y . p a s s i b l e n o n - b e h a v i o u r a l d i m e n s i o n u n d e r l y i n g 
c o l o u r d i v e r s i t y i n man. I n o t h e r w o r d s , t h e y s h o u l d 
r e f l e c t g e n e t i c d i v e r s i t y and t h e i m p a c t o f geo-
g r a p h i c a l d i f f e r e n c e s i n r a d i a t i o n l e v e l s on pigmen-
t a t i o n . We s h a l l r e t u r n t o t h i s p o i n t l a t e r . 
2, I n c h a p t e r s Ml and Mil t h e v a r i a b i l i t y o f p i g -
m e n t a t i o n o f t h e s k i n a c r o s s t h e c a t e g o r i e s o f p r e -
d i c t o r s such as sex, g e o g r a p h i c a l l o c a t i o n and b l o o d 
g r o u p s - when t h e e f f e c t s o f o t h e r v a r i a b l e s a r e b e i n g 
c o n t r o l l e d f o r o r h e l d c o n s t a n t - w i l l be i n v e s t i g a t e d 
by means o f t h e . a n a l y s i s o f v a r i a n c e t e c h n i q u e . To 
t h a t p u r p o s e , a knowledge o f t h e d i m e n s i o n s w i t h i n 
w h i c h s i g n i f i c a n t i n t e r n a l v a r i a b i l i t y i s l i k e l y t o 
a p p e a r , when b o t h sexes a r e p o o l e d t o g e t h e r , w i l l be 
o f i n v a l u a b l e a s s i s t a n c e . Thus, two a d d i t i o n a l r e g r e s -
s i o n a n a l y s e s have been p e r f o r m e d on t h e d a t a , w i t h 
sex i n c l u d e d now as one o f t h e i n d e p e n d e n t v a r i a b l e s 
and w i t h t h e same p a r a m e t e r s as b e f o r e . 
The r e s u l t s o b t a i n e d w i t h T = 0.99 ( t a b l e V.2-1) 
w e r e , a f t e r c a r e f u l c o n s i d e r a t i o n , s e l e c t e d as t h e 
b e s t c h o i c e - s i n c e t h e h i g h number o f p r e d i c t o r s ad-
m i t t e d when T = 0.95 woul d have g r e a t l y j e o p a r d i z e d 
t h e s a f e t y o f t h e c o n c l u s i o n s a t t a i n e d , owing t o t h e 
i n c r e a s e d number of empty c e l l s (known t o be a m a j o r 
p r o b l e m when a n a l y s i s o f v a r i a n c e i s e m p l o y e d ) . 
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Table 7 . 2 - 2 . Heans, standard de-
T i a t l o n s and number of cases of 
the samples InTolved i n the r e -
g r e s s i o n a n a l j s l s of t a b l e V . 2 - 1 . 
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Some e l e n e n t a r y s t a t i s t i c s f o r t h e p a o l s d sa.^plss 
a r e sho'ijn i n t a b l e 7.2-2, 
The b i g g e r s i z e o f t h e p o o l e d samples i s p r e s u m a b l y 
t h e r e a s o n o f t h e g r e a t l y i m p r o v e d u n i f o r m i t y i n r e -
g r e s s i o n p a t t e r n s . I n g e n e r a l , f o r t h e i n n e r arm ( t h e 
o n l y s i t s s t u d i e d ) , m u l t i p l e R's a r e somewhat s m a l l e r 
t h a n t h o s e shown by t a b l e \/.1-3, T h i s may be t h e e f f e c t 
o f some p r e d i c t o r s d i s p l a y i n g a t c e r t a i n f i l t e r s op-
p o s i t e - s i g n e d c o r r e l a t i o n s w i t h p i g m e n t a t i o n f o r men 
and women, R's v a r i a t i o n a l o n g t h e s p e c t r u m i s now more 
u n i f o r m , as measured by t h e d i f f e r e n c e between i t s 
m a x i m a l and m i n i m a l v a l u e s ( d i f f e r e n c e w h i c h augment 
w i t h d e c r e a s i n g sample s i z e ) . R v a l u e s g e n e r a l l y d i m i n -
i s h w i t h sample s i z e ( a n o t t o o common c o n d i t i o n a t M, 
1 - 3 ) , Among Swedes and t h e B E i t i s h t h e r e i s a t r e n d f o r 
d e c r e a s i n g R's f r o m b o t h ends o f t h e s p e c t r u m t o w a r d s 
t h e m i d d l e r e g i o n , w i t h t h e h i g h e s t v a l u e s w i t h i n t h e 
f i r s t h a l f - o f \ t h e VL r a n g e . Sex i s now an i m p o r t a n t 
p r e d i c t o r , p r a c t i c a l l y p r e s e n t e v e r y w h e r e ; t h e o t h e r s 
a r e . c o l l e c t e d among t h o s e a v a i l a b l e a t t a b l e U,1-3, 
. w i t h e v e n t u a l exchanges among t h e S p a n i a r d s and t h e 
• B r i t i s h b etween f u n c t i o n s o f d a y s - and age ( w h i c h f o r 
t h o s e samples show h i g h t o a c c e p t a b l e c o r r e l a t i o n s 
w i t h each o t h e r ) . 
Summary A- s t e p w i s e r e g r e s s i o n a n a l y s i s has been p e r f o r m e d 
on t h e s a m p l e s : f i r s t , w i t h males and f e m a l e s s e p a r a t e 
- a f t e r , w i t h b o t h sexes p o o l e d t o g e t h e r . B i g g e r sample 
s i z e was p r e s u m a b l y t h e f a c t o r r e s p o n s i b l e f o r t h e 
g r e a t e r u n i f o r m i t y o f r e g r e s s i o n p a t t e r n s i n t h e l a s t 
c a s e . The most i m p o r t a n t t r e n d s e l i c i t e d i n t h e f i r s t 
r e g r e s s i o n a n a l y s i s a r e summarised i n s e c t i o n X, i n t h e 
t e x t . 
Owing t o t h e m e c h a n i c s o f t h e m e t h o d , each o f -the 
v a r i a b l e s i n a r e g r e s s i o n e q u a t i o n may s t a n d , a l o n e or 
i n c o m b i n a t i o n w i t h o t h e r s , f o r o n e - o r more d i m e n s i o n s 
w h i c h h a v e , a p p a r e n t l y , n o t been r e c k o n e d w i t h . 
CHAPTER UI 
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U I . I , The g e o g r a p h i c a l d i s t r i b u t i o n o f p i g m e n t a t i o n . 
A l t h o u g h c o r r e c t i o n s have been made f o r t h e e f -
f e c t s o f t h e b e h a v i o u r a l v a r i a b l e s i n p i g m e n t a t i o n 
d i v e r s i t y , nowhere have g e o g r a p h i c a l d i f f e r e n c e s i n 
U l / - r a d i a t i o n been t a k e n i n t o a c c o u n t i n e x p l a i n i n g 
t h a t d i v e r s i t y . The samples come f r o m t h r e e w e l l de-
f i n e d a r e a s : S c a n d i n a v i a ( S w e d e n ) , N o r t h w e s t e r n Europe 
( B r i t a i n ) and S o u t h w e s t e r n Europe ( S p a i n ) . The t h r e e 
c o u n t r i e s c o v e r some 14, 11 and 8 l a t i t u d e d e g r e e s 
r e s p e c t i v e l y . T h e i r s o u t h e r n m o s t t i p s l i e r e s p e c t i v e -
l y a t 55° 25 N, 50° N and 36° N. B r i t a i n and Sweden 
are m o s t l y e l o n g a t e d c o u n t r i e s s p r e a d i n g i n a S o u t h -
N o r t h d i r e c t i o n , b u t S p a i n e x t e n d s East-Westwards 
a b o u t as much as S o u t h - N o r t h w a r d s , Most o f t h e i n -
h a b i t e d a r e a s o f Sweden and B r i t a i n are low c o u n t r y , 
w i t h o f t e n o v e r c a s t s k i e s and r e s p e c t i v e l y l e s s t h a n 
2100 and 1800 h o u r s o f s u n s h i n e a y e a r ( f i g , \/I.1-4 
and 1/1,1-7), w h i l e a r o u n d t h i r t y p e r c e n t o f Spani a r d s 
l i u e a t an a v e r a g e a l t i t u d e o f 2000 f e e t , under o f t e n 
c l o u d l e s s s k i e s ( f o r t h e , whole c o u n t r y , f r o m 1700 
h o u r s p e r y e a r i n t o w e l l beyond 3000 h o u r s ) and i n t e n -
s i v e r a d i a t i o n ( f i g , U I , 1 - 6 ) , C l i m a t e v a r i e s a c c o r d i n g -
l y , f r o m m i c r o t h e r m a l - w i t h s e v e r e snowy w i n t e r s and 
a l l - s e a s o n r a i n , i n S c a n d i n a v i a and B r i t a i n - t o meso-
t h e r m a l - w i t h m i l d w i n t e r s and a l l - s e a s o n r a i n o r , 
more o f t e n , r a i n d e f i c i e n c y , i n S p a i n , I t has been 
c a l c u l a t e d t h a t , t a k i n g i n t o a c c o u n t such f a c t o r s as 
l e n g t h o f day and a n g u l a r e l e v a t i o n o f t h e sun, m a x i -
mum i n s o l a t i o n o f t h e n o t h e r n h e m i s p h e r e i s e x p e r i e n c e d 
on June 2 1 s t a l o n g l a t i t u d e 43^° N ( a l o n g t h e S p a n i s h 
n o r t h e r n c o a s t ) ; on o t h e r d a t e s t h e c o r r e s p o n d i n g l a t i -
t u d e l i e s f u r t h e r s o u t h , B r i t a i n and S c a n d i n a v i a , on 
t h e o t h e r hand, l i e w e l l beyond t h e l a t i t u d e l i m i t f o r 
UU-induced f o r m a t i o n o f v i t a m i n D i n w i n t e r ( a r o u n d 
4 0 ° ) , b u t - o w i n g t o a n n u a l v a r i a t i o n i n t h e sun's 
a n g u l a r e l e v a t i o n - f u l l y w i t h i n t h e l a t i t u d e l i m i t i n 
summer ( a r o u n d 8 7 ° ) , These f a c t s a l o n e ought t o suggest 
t h a t c o n s i d e r a b l e v a r i a t i o n i s t o be e x p e c t e d , n o t 
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o n l y between t h e p o p u l a t i o n s o f t h e t h r e e c o u n t r i e s , 
b u t p r o b a b l y u i i t h i n them as u j e l l . 
W i t h t h i s i n m i n d , and w i t h o u t f o r g e t t i n g t h e 
l i m i t a t i o n s imposed by t h e s i z e o f t h e samples, i t 
ujas d e c i d e d t h a t t h e a r r a n g e m e n t s p r o v i d i n g t h e most 
s u i t a b l e b a s i s f o r f u r t h e r e l a b o r a t i o n were t h e t r a -
d i t i o n a l ' l a n d s k a p ' p a r t i t i o n , i n Sweden, and t h e 
h i s t o r i c a l ' r e g i d n ' d i v i s i o n , i n S p a i n . The S p a n i s h 
' r e g i o n ' i s f u r t h e r s u b d i v i d e d i n t o a d m i n i s t r a t i v e 
e n t i t i e s c a l l e d ' p r o v i n c i a s ' , w h i c h , t o g e t h e r w i t h 
t h e Swedish ' I a n ' - a m o d e r n i z e d r e v i s i o n of t h e 
' l a n d s k a p ' u n i t - c o r r e s p o n d a p p r o x i m a t e l y t o t h e 
E n g l i s h c o u n t y . They have n o t o n l y a d m i n i s t r a t i v e 
r e l e v a n c e b u t a c e r t a i n d e g r e e o f h i s t o r i c and demo-
g r a p h i c u n i q u e n e s s as w e l l . I n B r i t a i n , owing t o t h e 
r e d u c e d s i z e o f t h e s a m p l e s , t h e o n l y s u b d i v i s i o n 
w h i c h c o u l d be u n d e r t a k e n was e t h n i c : E n g l i s h , Welsh, 
S c o t s and I r i s h . . F i g u r e U I . 1 - 1 , U I . 1 - 2 and \yi.1-3 i l -
l u s t r a t e t h e a f o r e m e n t i o n e d s u b d i v i s i o n s f o r t h e 
t h r e e c o u n t r i e s . 
The i n d i v i d u a l s i n t h e S wedish sample come m a i n l y 
f r o m S o u t h e r n Sweden, Not l e s s t h a n 60 per c e n t o f 
a l l Swedes had a t l e a s t t h r e e g r a n d p a r e n t s f r o m t h e 
s o u t h e r n r e g i o n , G o t a l a n d , o f w h i c h 51 per c e n t came 
f r o m Sk&ne ( S c a n i a ) , They a l l l i v e d i n Malmo or n e a r -
by and p r o b a b l y most had l i v e d t h e r e t h e major p a r t 
o f t h e i r l i f e t i m e . On t h e o t h e r hand, most o f t h e 
B r i t i s h and S p a n i s h s u b j e c t s were t e s t e d a t t h e U n i -
v e r s i t i e s o f Durham and M a d r i d r e s p e c t i v e l y , where 
t h e y were o n l y t r a n s i t o r i l y e s t a b l i s h e d , o f t e n f a r 
away f r o m t h e i r h a b i t u a l l o c a t i o n s . Around 73 p e r 
c e n t o f S p a n i a r d s had a t l e a s t t h r e e g r a n d p a r e n t s 
f r o m c e n t r a l S p a i n ; w h i l e r o u g h l y 77 per c e n t o f t h e 
B r i t i s h s u b j e c t s had a t l e a s t t h r e e known E n g l i s h 
g r a n d p a r e n t s ( m o s t l y f r o m w e s t e r n and n o r t h e r n 
E n g l a n d ) , w h i l s t t h e f o u r t h m i g h t be S c o t t i s h , I r i s h 
o r Welsh, 
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I n o r d e r t o d e t e c t t h e e f f e c t s o f g e o g r a p h i c a l l y 
d e t e r m i n e d e n v i r o n m e n t a l d i f f e r e n c e s on p i g m e n t a r y 
v a r i a b i l i t y , o n l y ' p u r e ' Swedes w i l l be examined. 
Owing t o t h e s m a l l n e s s o f t h e s a m p l e s , a s p e c i a l 
a l l o w a n c e was made i n t h e case o f t h e B r i t i s h and 
S p a n i a r d s , i n o r d e r t o a v o i d f u r t h e r r e d u c t i o n i n t h e 
s i z e o f t h e samp l e s : i n d i v i d u a l s were a d m i t t e d i n t o 
one o r o t h e r o f t h e g e o g r a p h i c a l a r e a s whenever 
e i t h e r a t l e a s t t h r e e o f t h e i r g r a n d p a r e n t s had been 
b o r n i n i t , o r t h e i r p a r e n t s had, I n a d d i t i o n , n o t 
o n l y ' p u r e ' S p a n i a r d s b u t a l s o t h o s e w i t h one f o r e i g n 
g r a n d p a r e n t were a d m i t t e d . Owing t o t h e g e n e t i c a l 
s t r u c t u r e o f t h e i m m i g r a n t e l e m e n t i n B r i t a i n , t h a t 
c o n c e s s i o n was n o t made i n t h e B r i t i s h c a s e , s i n c e i t 
w o u l d have i m p l i e d a h i g h r i s k o f i n t r o d u c i n g genes 
f o r heavy p i g m e n t a t i o n i n t h e sampl e . The group coded 
99 ( r e g i o n a l l y u n l o c a t e d c a s e s ) has been s u p p r e s e d i n 
t h e S p a n i s h c a s e , b e i n g o f no u t i l i t y - owing t o b o t h 
l a c k o f l o c a t i o n and l a c k o f ' p u r i t y ' . 
I n o r d e r t o f o l l o w as c l o s e l y as p o s s i b l e P e a r s o n ' s 
and t h e IBP's r e c o m m e n d a t i o n s on n e c e s s a r y sample 
s i z e s f o r e l i c i t i n g s i g n i f i c a n c e ( P e a r s o n & H a r t l e y , 
1956; Weiner &. L o u r i e , 1969 ) , t h e p r o v i s i o n a l r e g i o n a l 
a r r a n g e m e n t f o r S p a n i a r d s was s u b s t i t u t e d by a more 
s u i t a b l e one w i t h more c l e a r h i s t o r i c a l c o n n e c t i o n s . 
O l d e s t a b l i s h e d a n t h r o p o l o g i c a l k n o w l e d g e o f e s p e c i a l -
l y t h e p i g m e n t a r y v a r i a b i l i t y o f t h e S p a n i s h p o p u l a t i o n 
( S a n c h e z , 1912; Hoyos, 1952; F u s t d & Pons, 1960) and 
i t s h i s t o r y ( F o n t Rius,. 1974; Bagu^, 1974) s e r v e d as a 
b a s i s f o r t h i s s u b d i v i s i o n . I n t h e Swedish c a s e , t h e 
s e e m i n g l y g r e a t e r a n t h r o p o l o g i c a l u n i f o r m i t y o f t h e 
p o p u l a t i o n p r e s e n t e d some d i f f i c u l t i e s f o r o p e r a t i n g a 
p r i o r i i n t h e same way. S i n c e t h e p r o b l e m w i t h g r o up 
s i z e s i s l e s s a c u t e , an e x p l o r a t o r y a n a l y s i s w i l l - f i r s t 
be p e r f o r m e d on t h e d a t a b e f o r e e v e n t u a l l y a d o p t i n g 
any o t h e r measures. 
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S i n c e i t i s n o t a d v i s a b l e t o a p p l y r e g r e s s i o n 
e q u a t i o n s t o s a m p l e s o t h e r t h a n t h o s e f o r wh i c h t h e y 
were deduced ( H a y s , 1 9 8 1 ) , t h e r e g r e s s i o n a n a l y s i s 
a p p r o a c h w i l l be r e p l a c e d h e r e by an a n a l y s i s o f v a r i -
a n ce. The s e t s o f p r e d i c t o r s o b t a i n e d f o r u i a l , u i a 5 
and u i a 9 i n s e c t i o n U w i l l be used as f a c t o r s and c o -
v a r i a t e s . I n an a t t e m p t t o keep c e l l s i z e s as b i g as 
p o s s i b l e , w h i l e p e r f o r m i n g t h e a n a l y s i s o f v a r i a n c e , 
b o t h sexes have been p o o l e d t o g e t h e r and t h e number 
o f f a c t o r s has been k e p t down t o two. T h i s l e d t o t h e 
s u p r e s s i o n o f v a r i a b l e c r u i a n o w among S p a n i a r d s a t 
t h e f i f t h f i l t e r . S i n c e c r u i a n o w ' s b e t a r e g r e s s i o n 
c o e f f i c i e n t i s p o s i t i v e and i t s c o n t r i b u t i o n t o t o t a l 
e x p l a i n e d v a r i a t i o n i s s i g n i f i c a n t ( p < 0 , 0 5 ) (Hays, 
1 9 8 1 ) , t h e s u p r e s s i o n ' s n e t e f f e c t i s t o enhance t h e 
v a l u e s o f b o t h r e s i d u a l v a r i a n c e and b e t w e e n - l e v e l s 
d i f f e r e n c e s . The f i r s t i n c r e m e n t i s l i n e a r and t h e 
second i s q u a d r a t i c . T h e r e f o r e , i n a t - t e s t t h e c a l -
c u l a t e d t v a l u e s w i l l be s m a l l e r and so w i l l t h e 
c h a n c e s f o r t h e a p p e a r a n c e o f s i g n i f i c a n c e . The i n -
c l u s i o n o f t h e v a r i a b l e sex as one o f t h e p r e d i c t o r s , 
a l l o w s us t o c h e c k w h e t h e r t h e c o r r e c t i o n s imposed 
on p i g m e n t a t i o n by t h e i n d e p e n d e n t v a r i a b l e s have 
somehow a l t e r e d t h e n a t u r e o f t h e between-sex d i f f e r -
e n c es p r e v i o u s l y f o u n d i n a n o t h e r s e c t i o n . I n one 
s i n g l e c a s e , h o w e v e r , t h e v a r i a b l e sex was n o t ac-
c e p t e d as a p r e d i c t o r ( f o r u i a 9 , among t h e B r i t i s h ) , 
S i n c e i t s s i m p l e c o r r e l a t i o n s w i t h t h e o t h e r p r e d i c -
t o r s were n o t t o o h i g h (-0.180, t h e h i g h e s t ) and T 
was e l e c t e d as 0,95, i t i s t o be i n f e r r e d t h a t t h e 
main r e a s o n f o r n o n - a c c e p t a n c e was low p r e d i c t i v e 
c a p a b i l i t y ( r = - 0 , 0 2 6 , w i t h u i a 9 ) . T h i s i s w h o l l y i n 
l i n e w i t h p r e v i o u s r e s u l t s , where t h e t - t e s t between 
sexes was n o t f o u n d t o be s i g n i f i c a n t among t h e 
B r i t i s h ( 3 / 4 - c r i t e r i o n o f ' p u r i t y ' ) a t t h e n i n t h f i l -
t e r . 
Among Swedes, a p r e l i m i n a r y a n a l y s i s o f v a r i a n c e 
255 
SnB?IIiE STB 
S I s 0 T V A K X A N t E 
BT GPlAiroSK 
WITH rULG 











sra OP MEAN SIGKIP 
SOHAPISS SODAKE P OP p 
2198.117 1 2198.117 112.016 0.000 
2198.117 1 2198.117 112.016 0.000 
492.026 17 28.943 1.475 0.100 
427.557 16 26.722 1.362 0.157 
76.803 1 76.803 3.914 0.049 
63.796 7 9.114 0.464 0.860 
63.796 7 9.114 0.464 0.660 
J753.941 25 110.158 5.614 0.000 
8379.177 427 19.623 
i l 133.07a 452 24.631 
C0?ABIATE RAff. REGRESSIOlf COEFPICIENT 
DUIG 10.799 
.653 CASES WERE PROCESSED. 
200 CASES ( 30.6 PCT ) WERE MISSISG. 
• • • B O I T I P L E 
0IA1 
BT GPLAJTDSK (pooled) 
SEX 
WITH DOXG 
C l A S S I P I C A T I O H A K A I T S I S • » 
ORAJTD MEAK 34.94 










































































Table VI.1 - 1 . The geographical diatribution of skin colour In Sweden, 
BubdlTiding the south according to precipitation ( l ) and latitude ( l l ) 
Legend. 
1. 99 - onelassifled or nnlocated cases. 
2. A ease i s allocated to a certain area (gplandsk) whenever not less 
than three grandparents are bom there. 
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SBM OP HEA-I SIGNIP 
Sf!rAP?!S SODAKE P OP P 
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Table VI.1-1. The geographical distribution of okin colour in Sweden, 
subdividing the south according to precipitation ( l ) and latitude ( l l ) 
Legend. 
1. 99 = unclassified or unlocated cases. 
2. A case i s allocated to a certain area (gplandsk) wfaenerer not less 
than three grandparents are born there. 
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SOURCE 0? VARIATICjr S017AR??S DF SOU ARE P OP P 
COVARIATES 928.862 1 928.862 55.702 0,000 
DULG 928,862 1 928.862 55.702 0,000 
MAIN EFFECTS 357.274 17 21.016 1.260 0,214 
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SEX 84.458 1 84.458 5.065 0,025 
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RESrOUAI, 7120.512 427 16.676 
TOTAL 8534.184 452 18.881 
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200 CASES ( 30 .6 PCT ) WERE MISSING. 
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Table VI. 1 - 1 . The geographical distribution of sUn colour in Sweden, 
subdlTldlng the south according to precipitation ( l ) and latitude ( I I ) 
Legend. 
1. 99 = unclassified or onloeated cases. 
2, A ease i s allocated to a certain area (gplandsk) whenever not less 
than three grandparents are bom there. 
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f o r u i a l , u i a 5 and u i a 9 as c r i t e r i o n v a r i a b l e s and 
t h e p r e d i c t o r s , t u i t h t h e a d d i t i o n o f g p l a n d s k ( l a n d -
s k a p ) , as f a c t o r s and c o u a r i a t e s , f a i l e d t o r e v e a l 
s i g n i f i c a n t i n t e r n a l d i f f e r e n c e s betiueen g e o g r a p h i c a l 
l o c a t i o n s ( t a b l e V I . I - l ) . Some o f t h e g r o u p s p r o d u c e d 
by t h e l a n d s k a p s u b d i v i s i o n a r e , hoiuever, t o o s m a l l 
and i t may be t h a t t h e y h i n d e r t h e appearance o f 
s t a t i s t i c a l l y s i g n i f i c a n t d i v e r s i t y . I n o r d e r t o 
c h e c k t h a t p o i n t , tujo neiu a r r a n g e m e n t s have been 
t r i e d . One o f t h e g r o u p i n g s f o l l o w s l a t i t u d i n a l v a r i -
a t i o n , whereas t h e o t h e r a g r e e s m o s t l y l u i t h t h e p a r -
t i t i o n i n g o f s o u t h Siueden i n t o ttuo c l i m a t i c a r e a s 
- w i t h h i g h e r p r e c i p i t a t i o n i n d e x i n t h e s o u t h w e s t . 
I n f i g u r e \yi.1-4 t h e n a t u r e o f t h e a r r a n g e m e n t s has 
been i l l u s t r a t e d t o g e t h e r w i t h some c l i m a t o l o g i c a l 
maps f o r c o m p a r i s o n . SkSne, has, i n b o t h c a s e s , been 
l e f t a l o n e as t h i s subsample was r e l a t i v e l y b i g . The 
n a t u r e o f t h e r e g i o n a l d i f f e r e n c e s has been e x p l o r e d 
by means o f t - t e s t s , = u s i n g i n each case as common o r 
c o m p o s i t e v a r i a n c e i n t h e d e n o m i n a t o r t h e c o r r e s p o n d -
i n g r e s i d u a l mean s q u a r e f r o m t h e p r e l i m i n a r y a n a l y -
s i s o f v a r i a n c e . As a r e s u l t , a p a r t i t i o n i n t o two 
main b l o c k s emerges f o r a l l f i l t e r s and f o r each 
a r r a n g e m e n t . On t h e o t h e r hand, t h e r e i s t h e n o r t h e r n -
most b l o c k , S v e a l a n d p l u s N o r r l a n d ( w i t h t h e e x c l u s i o n 
o f f a r m l a n d , w h i c h goes t o t h e s o u t h e r n b l o c k i n t h e 
c l i m a t i c a r r a n g e m e n t ) , w h i c h i s s i g n i f i c a n t l y l i g h t e r . 
On t h e o t h e r h a n d , i s t h e s o u t h e r n b l o c k w h i c h i s 
composed o f s e v e r a l r e g i o n s . No s i g n i f i c a n t d i v e r s i t y 
was o b s e r v e d h e r e between t h e d i f f e r e n t g r o u p s , 
n e i t h e r a l o n g l a t i t u d e n or a c r o s s c l i m a t i c r e g i o n s . 
I t i s , h o w e v e r , v e r y l i k e l y t h a t b i g g e r samples w o u l d 
e l i c i t s i g n i f i c a n t d i f f e r e n c e s . At t h e n i n t h • f i l t e r , 
b e t w e e n t h e n o r t h e r n and t h e s o u t h e r n b l o c k , d i s l o d g e d 
f r o m t h e l a s t o n e , t h e r e i s a b u f f e r r e g i o n ( n o r t h e r n 
G o t a l a n d v s . t h e s o u t h w e s t ) , w h i c h does n o t s i g n i f i -
c a n t l y d i f f e r f r o m e i t h e r one. A v e r i t a b l e t r a n s i t i o n -
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SiiMiviBi-^s of Swedes i r t o a r e a s f o r 
the study o f sXin c o l o u r : ( a ) a c c o r -
i-lng to p r e c i p i t a t i o a . (b) a c c o r d i n g 
to l a t i t u d e . 
(c) Anoual atd crnthly precipltatioc levclB at eeleeted places. 1, KaxiEti day t e T i r e r a t u r t . 2. finimal day t e n p e r a t u r e . 5, Koithly preci-
p i t a t i o E . (After Alexa-derBBOE, 197?). 
(e) , Mean isotherms, January (after Kendrew, 
1953). 
.1 
Fig. 71.1-4. Cllcatlc conditiona and pigsentatioE in Swedei!, (d) icaual number of hours of bri g h t sunshine in SeandinaTia. 
(After J U f s t r o c et al., 1974). 
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a l zone. The r e s u l t s a r e d i s p l a y e d g r a p h i c a l l y i n 
f i g u r e \ i I . 1 - 5 , The g r o u p w i t h t h e u n l o c a t e d cases 
a l w a y s o c c u p i e s one o f t h e p o s i t i o n s c l o s e s t t o 
S k l i n e , i n a g r e e m e n t w i t h t h e s u p p o s i t i o n t h a t i t s 
i n t e r n a l d i s t r i b u t i o n o f c a s e s ( a c c o r d i n g t o o r i g i n ) 
r u n s p a r a l l e l t o t h a t o f t h e Swedish sample. The 
SV > SE > Sk > 99 > « sw > SE > 99 > Sk > If 
SE \ 99 X 
Sk 
S^. 












S.GBt > 99 > Sk > B.GSt > Sr+Borr 
B.Oat > S.GBt ? 99 ? Sk> Sr+Borr" 
Pig. TI.1-5. Pignentation of the skin 
In Sweden, 
r e l a t i v e p o s i t i o n i n g o f t h e r e g i o n s w i t h i n t h e 
s o u t h e r n b l o c k i s p r e t t y c o n s t a n t f o r f i l t e r s u i a l 
and u i a 5 , w i t h n o r t h e r n G d t a l a n d and t h e s o u t h w e s t 
( l a t i t u d e v s . c l i m a t e ) r e s p e c t i v e l y as t h e d a r k e s t 
r e g i o n s , b u t f o r u i a 9 t h e s i t u a t i o n i s d i f f e r e n t . 
W i t h i n t h e a r r a n g e m e n t a c c o r d n i n g t o l a t i t u d e , 
s o u t h e r n G o t a l a n d ( t o g e t h e r w i t h t h e u n l o c a t e d group 
and Skane) emerges as t h e d a r k e s t r e g i o n , w h i l e 
n o r t h e r n G d t a l a n d l e a v e s t h e s o u t h e r n b l o c k and 
t a k e s an i n t e r m e d i a t e p l a c e between n o r t h and s o u t h . 
On t h e o t h e r h a n d , when c o n s i d e r i n g t h e s u b d i v i s i o n 
a c c o r d n i n g t o c l i m a t i c z o n e s , t h e s o u t h e a s t ( a g a i n 
w i t h t h e u n l o c a t e d g r o u p and Skane) - e n c l o s i n g t h e 
d r i e s t a r e a s s o u t h o f N o r r l a n d - becomes d a r k e s t 
w h i l e , as b e f o r e , t h e much more c l o u d y s o u t h w e s t 
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d e p a r t s f r o m t h e s o u t h e r n b l o c k a d o p t i n g an i n t e r -
m e d i a t e p o s i t i o n between n o r t h and s o u t h . 
I t i s v e r y u n f o r t u n a t e t h a t g r o u p s i z e s are so 
s m a l l , s i n c e t h a t p u t s g r e a t e r demands on t h e a b s o l -
u t e v a l u e o f t h e d i f f e r e n c e between means w h i c h i s 
r e q u i r e d f o r s i g n i f i c a n c e . I t w o u l d be i n t e r e s t i n g 
t o see w h e t h e r b i g g e r s a m p l e s c o u l d c o n f i r m t h e 
n a t u r e of t h e d i f f e r e n c e s a l r e a d y s u g g e s t e d by t h e 
p r e s e n t work. S i g n i f i c a n c e f i g u r e s a r e b e t t e r w i t h i n 
t h e s u b d i v i s i o n a c c o r d i n g t o p r e c i p i t a t i o n , b u t 
s i n c e t h i s a l s o i n c l u d e s a l a t i t u d i n a l component i t 
w o u l d be wrong t o c o n c l u d e t h a t c l o u d i n e s s i s more 
i m p o r t a n t t h a n l a t i t u d e a t d e t e r m i n i n g p i g m e n t a r y 
d i v e r s i t y , A l o o k a t f i g u r e UI,1-5 s u g g e s t s p r e c i s e -
l y t h e o p p o s i t e , s i n c e a l l s i g n i f i c a n t d i f f e r e n c e s 
b etween r e g i o n s ( l o c a t i o n g r o u p s ) a l i g n t h e m s e l v e s 
i n a n o r t h - s o u t h d i r e c t i o n . The r e s u l t s , however, 
convey t h e i n e s c a p a b l e f e e l i n g t h a t t h e r e i s a l s o i n 
a l l p r o h a b i l i t y an u n d e r l y i n g s i g n i f i c a n t w e s t - e a s t -
ward d i v e r s i t y , a t l e a s t i n t h e s o u t h e r n p a r t of t h e 
c o u n t r y , where w e s t e r n G d t a l a n d ( w i t h t h e a d d i t i o n 
o f U a r m l a n d ) c o r r e s p o n d s t o t h e a r e a w i t h n e x t m a x i -
mum p r e c i p i t a t i o n i n Sweden, w h i l e e a s t e r n G o t a l a n d 
i s t h e zone o f maximum a n n u a l d u r a t i o n o f s u n s h i n e 
( a l l o w a n c e made f o r t h e b r i g h t summer n i g h t s i n 
n o r t h e r n S c a n d i n a v i a ) , 
Among S p a n i a r d s , t h e r e d u c e d s i z e o f t h e samples 
p r e v e n t e d , t o an even g r e a t e r e x t e n t t h a n i n t h e 
Swedish c a s e , t h e a r r a n g i n g o f t h e m a t e r i a l i n t o 
s m a l l g e o g r a p h i c a l d i v i s i o n s t o be used a f t e r a n a l y -
s i s as c l u s t e r i n g u n i t s . I n s t e a d a s u b d i v i s i o n i n t o 
f o u r wide r e g i o n s was imposed on t h e sample. These 
were: t h e C a n t a b s i a n n o r t h and n o r t h w e s t , t h e e a s t e r n 
r e g i o n ( i n c l u d i n g a l s o A r a g d n ) , t h e s o u t h e r n r e g i o n 
( a l s o i n c l u d i n g E x t r e m a d u r a and t h e p r o v i n c e o f Mu r c i a ) 
and t h e c e n t r e ( b a s i c a l l y t h e h i n t e r l a n d w i t h a few 
m i n o r s u b s t r a c t i o n s ) , C a n a r i a s (one c a s e ) and B a l e a -
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SUM OP MEAN SIGKIP SCRAP'S D' SOU ARE P OP p 
196,467 1 196,467 8.990 0,003 196,467 1 196,467 8.990 0,003 
515,662 4 128,966 5.901 0,000 230,928 3 76,976 3.522 0,016 316,386 1 316,386 14.477 0.000 
33.113 2 16.557 0.758 0.470 33.113 2 16,556 0.758 0.470 
745.445 7 106.492 4.873 0.000 
4611.145 211 21.854 
5356,590 218 24.572 
COTARIATE RAW REGRESSION COEFPICIEW 
Al 0.144 
256 CASES WERE PROCESSED. 
37 CASES ( 14.5 PCT ) WERE MISSING, 
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Table VI.1-2. The geographical distribution of skin colour in Spain. 
Legend. 
1. Unlocated and unknown cases are pooled together and excluded froa the calculations. 
2. A case i s allocated to a certain area (reino) lAenever either not 
less than three grandparientB or both parents are born there. 





S I s 0 t V A R I A N C E 
COTAHIATE RAW REGRESSIOB COEPPICIEW 
11 ( 0.094 
256 CASES WERE PROCESSED. 
37 eiSffi ( 14.5 PCT ) WERE MISSIBG. 
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sun OP KEAB SIGfilP 
SOURCE 07 TARIATIClf SOTAR^ SQUARE P OP P 
COVARIATES 83.711 1 83.711 3.613 0 .059 
Al 83.711 1 83.711 3.613 0 .059 
MAIW KPPBCTS 556.885 4 139.221 6.009 0.000 
RBINO 226.652 3 75.551 3.261 0.022 
SEX 374.047 1 374.047 16.146 0.000 
2-WAT IBTSRACTIO'i^S 23.357 2 11.678 0.504 0.605 
BBIBO SEX 23.357 2 11.678 0.504 0.605 
i?IPLAITED 663.953 7 94.350 4.094 0.000 
RESIDUAL 4888.289 211 23.167 
TOTAL 5552.242 218 25.469 
BT 





C L A 3 S I P I C 1 T I 0 W A I A L T S I S 
GPJLTO K E A B 37.988 






























D E V B E T A 
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Table VI,1-2. The geographical distribution of skin colour i a Spain. 
Legend. 
1. Unlocated and unknown cases are pooled together and excluded froB 
the calculation*. 
2. A case ia allocated to a certain area (reino) whenever either not 
less than three grandparents or both parents are bom there. 
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SUM OP MEAN SIGBIP 
SOURCE OP VARIATION Sf^iAR^S D F SQUARE P OP P 
COVARIATES 149.166 1 149.16b 9.346 0.003 
A1 149.166 1 149.166 9.346 0.003 
MAIN EFFECTS 257.703 4 64.426 4.037 0.004 
REINO 105.651 3 35.217 2.207 0.068 
SEX 173.072 1 173.072 10.844 0.001 
2-WAY INTERACTICTS 73.029 2 36.515 2.288 0.104 
HEINO SEX 73.029 2 36.515 2.288 0.104 
EXPLAINED 479.898 7 68.557 4.296 0.000 
RESIDUAL 3367.566 211 15.960 
TOTAL 3847.464 218 17.649 
COIARIATE 
Al 
RAW REGRESSION COEFFICIENT 
0.126 
256 CASES WERE PROCESSED. 
37 CASES ( 14.5 PCT ) WERE KISSING. 





OPdLND MEAN = 61.79 ADJUSTED FOR ONADJDSTED 
INDEPENDENTS DEVN ETA 
+ COVAEIATEE 
VARIABLE + CATEGORY N DEV'N BETA/t t ^ 
REINO 
0 (Centre) 161 -0.140 -
1 (North) 1 9.210 • ' 
2 (South) 44 -0.070 
3 (East) 13 0.840 ^ -"^^ 
SEX 












Table VI.1-2. The geographical distribution of skin colour in Spain. 
Legend. 
1. Unlocated and unknown cases are pooled together and excluded fron 
the calculations. 
2. A case i s allocated to a certain area (reino) whenever either not 
less tharr three grandparents or both parents are bom there. 
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r e s ( z e r o c a s e s ) were i n t e g r a t e d i n t o t h e s o u t h 
and t h e e a s t r e s p e c t i v e l y . The maps o f f i g u r e 1/1,1-6 
i l l u s t r a t e t h e a r r a n g e m e n t and t h e c l i m a t i c . c o n -
d i t i o n s . E x c e p t i n g t h e m o u n t a i n r a n g e s , which are 
c o l d e r and w i t h more a b u n d a n t r a i n and s n o w f a l l , 
t h r e e main c l i m a t o l o g i c a l a r e a s can be d i s t i n g u i s h e d 
i n S p a i n : 1) t h e t e m p e r a t e n o r t h and n o r t h w e s t f r o m 
t h e m o u n t a i n s t o t h e s e a b o a r d , w i t h c o n t i n u o u s r a i n -
f a l l , c o m p a r a b l e w i t h s o u t h w e s t e r n E n g l a n d and Wales 
b u t w i t h much h i g h e r i n s o l a t i o n , 2) t h e o f t e n s t e p p e -
l i k e Meseta and Ebro d e p r e s s i o n ( t h i s one i n c l u d e d 
w i t h i n t h e e a s t e r n r e g i o n ) , w i t h s c a n t and u n r e l i a b l e 
p r e c i p i t a t i o n , h i g h i n s o l a t i o n and e x t r e m e s e a s o n a l , 
even d i u r n a l , t e m p e r a t u r e c o n t r a s t s and 3) t h e mer-
i d i o n a l and o r i e n t a l c o a s t a l d i s t r i c t s , w i t h , m i l d 
w i n t e r s and somewhat c o o l e r summers t h a n t h e Meseta 
( e x c e p t i n g t h e G u a d a l q u i v i r d e p r e s s i o n , t h e h o t t e s t 
m a j o r a r e a i E u r o p e ) , h i g h i n s o l a t i o n , s c a r c e p r e -
c i p i t a t i o n and summer d r o u g h t . I n t h e s o u t h e a s t , 
between t h e e a s t e r n and t h e s o u t h e r n c o a s t s , n o r t h 
A f r i c a n c l i m a t e and o r o g r a p h y make an encroachement 
i n t o I b e r i a t h r o u g h t h e d e s e r t i c l a n d s c a p e o f A l m e r i a 
and t h e e a s t e r n h a l f o f M u r c i a , D e s s i c a t i o n , i n i t i a t e d 
i n n o r t h e r n A f r i c a , has a l s o l e f t i t s s c a r s i n t h e 
p e n i n s u l a ' s l a n d s c a p e and i t s c l i m a t e . Thus, d e f o r e -
( 1 ) 
s t a t i o n has a c c e l e r a t e d s i n c e R e c o n q u i s t a t i m e s ^ ' 
(Cabo 4 U i g i l , 1 9 7 9 ) , p r e s u m a b l y making t h e c l i m a t e 
d r i e r t h a n i t e v e r was i n a n t i q u i t y . 
The a n a l y s i s o f v a r i a n c e t e c h n i q u e ( t a b l e \/I,1-2) 
r e v e a l e d , among S p a n i a r d s , t h e e x i s t e n c e o f s i g n i f i -
c a n t p i g m e n t a t i o n v a r i a b i l i t y when g e o g r a p h i c a l l o -
c a t i o n ( r e i n o ) i s used as an i n d e p e n d e n t v a r i a b l e , 
and t h e e f f e c t s o f o t h e r v a r i a b l e s a r e c o n t r o l l e d f o r . 
As b e f o r e , t h e t - t e s t t e c h n i q u e has a f t e r w a r d s been 
( l ) R e c o n q u i s t a , f r o m ' r e c o n q u e s t ' ; seen w i t h C h r i s t i a n 
e y e s , t h e p e r i o d o f wars a g a i n s t t h e Muslims between 
711 and 1492, 
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SCTUBAl 
(a) Subdivision of Spain into 




(b) Rainfall in the Iberian Peninsula. 
(After Way, 1962). 
O < » 7 5 0 S -2700 
• nco-7eec [ 3 -iooo 
(d) Mean annual number of Bunshire 
hours , (After Cabo 4 Vig i l , 1979) 
Pig, VI. 1-6. Climatic conditions and 
pigmentation in Spain. 
January Temperatiirt 
(c) Mean tenperatures of January 
and July. (After Way, 1962). 
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a p p l i e d i n o r d e r t o e l i c i t s i g n i f i c a n t d i f f e r e n c e s . 
A t each f i l t e r , t h e e a s t e r n r e g i o n was f o u n d t o be 
l i g h t e s t l u h i l e t h e c e n t r a l one luas d a r k e s t . D i f f e r -
e n c e s luere s i g n i f i c a n t a t f i l t e r s numbers one and 
f i v e ( a t b e t t e r t h a n t h e 0.05 l e v e l ) and came c l o s e 
t o s i g n i f i c a n c e a t t h e n i n t h f i l t e r . 
I f n o t h i n g o t h e r t h a n c l i m a t i c f a c t o r s mere r e -
s p o n s i b l e f o r d i f f e r e n c e s i n p i g m e n t a t i o n , a g e n e r -
a l l y l o n g i t u d i n a l g r a d i e n t , l u i t h t h e l i g h t e s t s k i n s 
i n t h e u i e s t , s h o u l d be e x p e c t e d i n B r i t a i n , m i t h t h e 
su p e r i m p o s i t i o n o f a n o r t h - s o u t h t u a r d d a r k e n i n g t r e n d 
i n . t h e s o u t h e r n h a l f o f E n g l a n d ( f i g u r e V I . 1 - 7 ) , H i s -
t o r i c a l l y , hoiuever, most l i g h t e l e m e n t s b r o u g h t i n 
by s u c c e s s i v e i n v a s i o n s have c o n c e n t r a t e d i n t h e 
e a s t e r n p a r t s o f t h e c o u n t r y , l u h i l e r e m n a n t s o f 
o l d e r p o p u l a t i o n s , a p p a r e n t l y r i c h e r i n d a r k e r com-
p l e x i o n s , have o f t e n t a k e n r e f u g e i n t h e remote luest 
( f i g . V I . I - S ) . T h a t may a l r e a d y be r e f l e c t e d i n our 
r e s u l t s ( t a b l e U I . 1 - 3 ) , as a consequence o f t h e 
n u m e r i c a l p r e d o m i n a n c e o f E n g l i s h s u b j e c t s ( l u i t h a 
h i g h p e r c e n t a g e o f p e o p l e f r o m t h e e a s t e r n l o i u l a n d s ) 
i n t h e B r i t i s h s a m p l e , b u t because o f t h e c o a r s e n e s s 
o f t h e p a r t i t i o n ( i m p o s e d by t h e s m a l l s i z e o f t h e 
s a m p l e ) and because o f t h e n o n - s i g n i f i c a n t c h a r a c t e r 
o f t h e d i f f e r e n c e s , no r e l e v a n t c o n c l u s i o n s can be 
i n f e r r e d . 
When t u r n i n g t o t h e e f f e c t s o f v a r i a b l e sex i n 
p i g m e n t a t i o n i t i s seen t h a t , tuhen o t h e r v a r i a b l e s 
a r e c o n t r o l l e d f o r , d i f f e r e n c e s betu/een t h e sexes a r e 
s i g n i f i c a n t a t a l l t h r e e f i l t e r s , among Su/edes ( b e -
f o r e a t o n l y f i v e and n i n e ) and among S p a n i a r d s (as*, 
b e f o r e ) , u i H i l e among t h e B r i t i s h t h e e f f e c t s o f sex 
mere n o t s i g n i f i c a n t a t a l l ( b e f o r e t h e y ujere a t t h e 
f i r s t f i l t e r ) . Thus, c o r r e c t i n g f o r t h e a c t i o n o f t h e 
o t h e r p r e d i c t o r s and t h e g e o g r a p h i c a l v a r i a b l e s p r o -
duced some m i n o r changes o n l y i n a c o u p l e o f c a s e s : 
e x p e c t e d one o f them, u n e x p e c t e d , t h e o t h e r . O t h e r 
i ^ ^ ' l , ' ^ * ^ ? * ' ^ ' f ' ' ^' ' t l ^  





(*) Me&c •nniinl p r e c i p i t a t i o n . 




(b) Meao d a i l y duration of bright 
•unahLne 1B houra. ( A f t e r Dury, 1978). 
c ) leotherma f o r J u l y and January. 
( A f t e r Dury, 1978) 
? i g . VI.1-7. C l i m a t i c eonditlona i n 
Great B r i t a i n and I r e l a n d . 
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KW 150 km 
XX) mites 
Hott* nua and co«staf 
AntontntWall (Roman) 
^ T l » P « l » - « 
eJommaltort'x^ 
Miied Danish tfld 
NOCK 
M t t t c m e f i l 5E imnaVH 
Danata 
TiwHeatiiaiKjol Wales 
Gwynedd-last to resist 
Enoltshconouast 
Western lunilof Civil 
D* Roman Britannia Apc^oximate Western limit 
D1 Saion sattlament in ttta 
Bfltrance-ohaaa *pp.o«.malaWtstetnlimit ol Sa«on 
Mttlamant in the eiparuiort-pnase 
F i g . VI.1-8, Sone d i r e c t i o n s and l i n l t e of e a r l y 
a e t t l e - e c t and c o n t r o l . ( A f t e r Dury, 1976). 
' a b n o r m a l i t i e s ' have b e f o r e been e l i c i t e d among t h e 
B r i t i s h . The r e a s o n f o r t h e d e p a r t u r e f r o m e x p e c t e d 
c o n d i t i o n s among them can o n l y be c o n j e c t u r e d . We 
u ; i l l r e t u r n t o t h i s p o i n t l a t e r . 
Among Smedes, t h e v a r i a b l e d u l g i s t h e most i m -
p o r t a n t a t e x p l a i n i n g p i g m e n t a r y v a r i a b i l i t y . I t s 
e f f e c t s a r e a l u j a y s s i g n i f i c a n t (p = O.OOD). Nomhere 
luere i n t e r a c t i o n s betuieen f a c t o r s f o u n d t o be s i g n i -
f i c a n t . T h e r e i s no need t o l u o r r y a b o u t i n t e r a c t i o n s 
between f a c t o r s and c o v a r i a t e s ( n o t c o n s i d e r e d by 
t h e SPSS anova s u b p r o g r a m ) s i n c e t h e n a t u r e o f t h e 
r e g r e s s i o n m e t h o d used f o r s e l e c t i n g them w a r r a n t s 
t h a t no tuio h i g h l y o r even m o d e r a t e l y c o r r e l a t e d 
v a r i a b l e s m i l l be a c c e p t e d t o g e t h e r . Thus, more t h a n 
g e o g r a p h i c a l l o c a t i o n and more even t h a n sex, t h e 
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S U B F I L E GB 




S I S O F V A R I A N 
SOUPCE OF V A R I A T I O N 
SUM OF 
S C U A R f S 5F 
MEAN' 





1 1 197.345 197.345 
S.461 
8.461 0.055 
























EXPLAINED 323.257 5 64.651 Zi77Z 0.024 
RESIDUAL 1702.561 73 23.323 
TOTAL 2Q2S..8ia 78 25.972 
COVARIATE RAW REGRESSION COE FFICIENT 
A3 -0.000 
79 CASES WERE PROCESSED. 
0 CASES < 0.0 PCT) WERE "HISSING. 
SUBFILE GB 
* • * M U L T I P L E C L 




* * * * * * * * * * * * * * * 
A S S I F I C A T I p 
• * * * 
N 
* * 
A N A L Y 
• * * • • 
S I S 
* • • • 
«- • • 
* • • 
GRAND MEAN = 37.09 
VARIABLE • CATEGORY 
UNADJUSTED 




















•1.51 1.08 0.25 
•1.11 0.80 
MULTIPLE R SQUARED nULTIPLE R I f g.p8 
Table V I . 1-3. The geographical d i s t r i b u t i o n of e>:in c c l o u r i n B r i t a i n . 
Leper.d. 
1. 9°.= unlocBted c a s e s . 
2. A case l a a l l o c a t e d to a c e r t a i n ethnic grour. whenever not leee than 
three prandparente belong to i t . 
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Table VI.1-5. The geographical d i s t r i b u t i o n of s k i n colour i n B r i t a i n . 
Legend. 
1. 9? = uElocated c a s e s . 
?. A case i s a l l o c a t e d to a c e r t a i n e t h n i c group whenever not l e s s thar, 
three grandparecte belong to i t . 
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Table T I . 1 - 3 . The geographical d i e t r i b u t i o n of s k i n c c l o u r i n B r i t a i n . 
Lepend. 
1. 99.= unlocated c a s e s . 
2. A case I s a l l o c a t e d to a ce r t a i r : ethnic group whenever not l e s s than 
three prandparents belong to i t . 
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t i m e e l a p s e d s i n c e t h e l a s t s u nbathe i s d e c i s i v e i n 
d e t e r m i n i n g i n t r a - p o p u l a t i o n a l v a r i a t i o n i n p i g -
m e n t a t i o n . As m e n t i o n e d b e f o r e i n a n o t h e r s e c t i o n , 
d i m e n s i o n s n o t d i r e c t l y a p p e a r i n g among t h e v a r i a -
b l e s a c c e p t e d as i n d e p e n d e n t may, hoiuever, be r e p -
r e s e n t e d by one o f them. The r e p r e s e n t a t i o n ' s e f -
f i c i e n c y depends d i r e c t l y on t h e s t r e n g t h of t h e 
c o r r e l a t i o n betiueen t h e p a i r o f v a r i a b l e s s t a n d i n g 
f o r t h e e f f e c t s o f t h o s e toio d i m e n s i o n s . However, 
t h e h i g h e r t h e c o r r e l a t i o n betu/een t h o s e tujo t h e 
g r e a t e r t h e r e a s o n f o r n o t a c c e p t i n g more t h a n one 
of t h e m , s i n c e t h e i r e f f e c t s w i l l o v e r l a p t o an i n -
c r e a s i n g l y s i g n i f i c a n t d e g r e e . 
Among, S p a n i a r d s , v a r i a b l e A1 t a k e s d u l g ' s p l a c e . 
A l t h o u g h age's e f f e c t s a r e s i g n i f i c a n t a t f i l t e r s 
number one and n i n e (p=0.059 a t t h e f i f t h f i l t e r ) , 
i t s i m p o r t a n c e a t t h o s e f i l t e r s i s o n l y s e c o n d a r y t o 
sex. I n t e r a c t i o n s a r e n o t s i g n i f i c a n t . At t h e f i f t h 
f i l t e r , g e o g r a p h i c a l l o c a t i o n ( r e i n o ) u/as f o u n d t o 
be more i m p o r t a n t t h a n age. • 
Among t h e B r i t i s h , age i s c l e a r l y more r e l e v a n t 
t h a n sex i n a c c o u n t i n g f o r v a r i a t i o n i n p i g m e n t a t i o n 
a t f i l t e r s one and f i v e . Only t h e e f f e c t s o f age 
luere s i g n i f i c a n t . A t t h e n i n t h f i l t e r , a p a r t f r o m 
e t h n o s , two new v a r i a b l e s were a c c e p t e d as i n d e p e n -
d e n t i n s t e a d o f sex. None o f t h e i r e f f e c t s were 
s i g n i f i c a n t . N e i t h e r were t h e i n t e r a c t i o n s . T h i s i n -
c o n s i s t e n c y o f c h a r a c t e r i n t h e i n t e r n a l s t r u c t u r e 
o f t h e B r i t i s h sample may, p r e s u m a b l y , be i n t e r -
p r e t e d as a s i d e - e f f e c t o f t h e v e r y r e d u c e d s i z e o f 
t h e s a m p l e . I t may s e r v e as a w a r n i n g a g a i n s t t h e 
d a n g e r s o f a t t a c h i n g t o o much i m p o r t a n c e t o r e s u l t s 
e x t r a c t e d f r o m s m a l l samples. 
B e f o r e t h e 50's o b s e r v a t i o n s on s k i n c o l o u r were 
done by means o f v i s u a l methods ( e i t h e r d i r e c t or 
c o m p a r a t i v e ) , w h i c h i n v o l v e d an e l e m e n t o f c o n s i d e r -
a b l e s u b j e c t i v i t y , and was, c o n s e q u e n t l y , n o t v e r y 
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a c c u r a t e . S k i n c o l o u r i n S c a n d i n a v i a i n g e n e r a l 
( C oon, 1939) and i n Sweden i n p a r t i c u l a r ( L u n d b o r g 
& L i n d e r s , 1926) i s , s i n c e t h o s e d a y s , r e p u t e d l y 
c o n s i d e r e d v e r y u n i f o r m , a f e a t u r e w h i c h t h e r e s u l t s 
f r o m t h e p r e s e n t work a l s o seem t o s u g g e s t . Pigmen-
t a r y v a r i a b i l i t y w i t h i n B r i t i s h p o p u l a t i o n s i s known 
t o be c o n s i d e r a b l e , a f t e r much r e f l e c t o p h o t o m e t r i c 
work done among them d u r i n g t h e l a s t t w e n t y y e a r s . 
However, a c e r t a i n p e r c e n t a g e o f i t ( p r e s u m a b l y 
s m a l l ) i s , i n t h e a u t h o r ' s o p p i n i o n , due t o e v e n t u a l 
m i s - c a l i b r a t i o n o f t h e s p e c t r o p h o t o m e t e r s and/or t o 
d i f f e r e n c e s b etween them ( n o r m a l l y i n t h e c h o i c e o f 
f i l t e r s ) ( F e r n S n d e z , i n p r i n t ) . We w i l l r e t u r n t o 
t h i s i n t h e l a s t c h a p t e r . For S p a i n , as f o r Sweden, 
w i t h t h e o n l y e x c e p t i o n o f some r e f l e c t o m e t r i c work 
done among S p a n i s h G i p s i e s , t h e r e i s no p r e v i o u s 
i n s t r u m e n t a l l y o b t a i n e d i n f o r m a t i o n on s k i n c o l o u r . 
The t r a d i t i o n a l a n t h r o p o l o g i c a l e v i d e n c e s p e a k s , how-
e v e r , f o r c o n s i d e r a b l e v a r i a b i l i t y , w h i c h o n l y p a r -
t i a l l y f o l l o w s t h e c o u n t r y ' s c l i m a t i c f e a t u r e s . 
I n Sweden, c o m p a r i s o n o f t h e r e g i o n a l r e f l e c t a n c e 
c u r v e s show SkSne and t h e s o u t h e a s t t o appear 
' w h i t e r ' ( s l i g h t l y more h o r i z o n t a l ) t h a n t h e s o u t h -
w e s t , w h i c h i s i n t u r n ' r e d d e r ' ( f i g . 1/1.1-9). The 
V I . 1 - 9 . R e g i o n a l r e -
f l e c t a n c e , c u r v e s . Sweden . 
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r e f l e c t a n c e c u r v e s f o r t h e s o u t h e a s t and f o r Skane 
a r e p a r a l l e l ( w i t h Skane, as a w h o l e , l i g h t e r ) , 
w h i l e l i g h t e s t and ' w h i t e s t ' i s t h e n o r t h 
A l t h o u g h t h e s i z e o f t h e r e g i o n a l g r o u p s , f i r s t , and 
absence o f s i g n i f i c a n c e , i n t h e second p l a c e , do n o t 
a l l o w many g e n e r a l i z a t i o n s , i t i s w o r t h i n v e s t i g a t i n g 
w h e t h e r g r e a t e r r e d n e s s o f s k i n i s n o t t o be a s s o c i -
a t e d t o t h e w i n d y and r a i n y wheather o f t h e a t l a n t i c 
t y p e o f t h e w e s t e r n s e a b o a r d . A s i m i l a r s i t u a t i o n was 
f o u n d i n I r e l a n d ( S u n d e r l a n d e t a l . , 1 9 7 3 ) , where 
B a l l i n l o u g h and Rossmore, b o t h i n t h e w e s t e r n h a l f o f 
t h e I s l a n d , were ' r e d d e r ' t h a n Carnew, i n t h e s o u t h -
e a s t . ( B a l l i n l o u g h was, b e s i d e s , a b s o l u t e l y l i g h t e s t ) . 
The S w e d i s h s o u t h w e s t e r n r e g i o n i s , l i k e t h e I r i s h 
o ne, r i c h e r i n r e d h a i r ( t o g e t h e r w i t h S k a n e ) , w h i l e 
t h e s o u t h e a s t i n c l u d e s one o f t h e b l o n d e s t a r e a s i n 
Sweden, I n a d d i t i o n , Beckman ( 1 9 5 9 ) f o u n d a s e r o l o g i -
c a l d u a l i t y i n s o u t h e r n Sweden ( f i g . V I . I - I O ) , ac-
c o r d i n g t o w h i c h SkS'ne and t h e s o u t h w e s t , w i t h t h e i r 
r e l a t i v e l y h i g h f r e q u e n c i e s o f 0 and D - n e g a t i v e s , 
s u g g e s t a g r e a t e r t h a n a v e r a g e i n f l u x o f P a l e o l i t h i c 
a n d , a c c o r d i n g t o Beckman, a l s o M e g a l i t h i c b l o o d , 
w h i l e t h e s o u t h e a s t e r n r e g i o n would r e v e a l e a s t e r n 
i n f l u e n c e ( h i g h B, l o w !\,^ , low M and D - n e g a t i v e s ) , 
p e r h a p s p a r t i a l l y owed t o t h e F i n n s b u t b a s i c a l l y 
o l d e r t h a n them. 
I n S p a i n , a c c o r d i n g t o t h e army m e d i c a l Sanchez 
F e r n a n d e z ( 1 9 1 2 ) , t h e r e g i o n s w i t h t h e d a r k e s t s k i n s 
a r e a l l b u t one w h o l l y o r p a r t i a l l y i n c l u d e d i n t h e 
F l e s e t a ( f i g , \ / I , 1 - 1 l ) . He l i s t s t h e f o l l o w i n g : one 
f r o m P o n t e v e d r a ( G a l i c i a ) t o P a l e n c i a ( L e t i n ) , an-
o t h e r b e t w e e n t h e c e n t r a l P yrenees and t h e Guadarrama 
m o u n t a i n s ( n o r t h o f M a d r i d and G u a d a l a j a r a ) , a t h i r d 
one i n c l u d i n g E x t r e m a d u r a and T o l e d o ( i n t h e s o u t h -
( l ) I t must be s t r e s s e d h e r e t h a t no Lapps ( n o t even 
h a l f - b r e e d s ) who c o u l d a l t e r t h e n o r t h e r n r e g i o n ' s 




P i g . V I . 1 - 1 0 . C l a s s i f i c a t i o n o f t h e Swedish 
p o p u l a t i o n i n t o g e n e t i c a l l y d i f f e r e n t eubpo-
p u l a t i o n s , ( A f t e r Bectanan, 1 9 5 9 ) . lundman'a 
s u b d l T l s l o n , baaed on a n t h r o p o m e t r i c a l d a t a 
has been superimposed f o r c o m p a r i s o n ( a f t e r 
Lundnan, 1 9 4 6 ) . 
l u e s t e r n c o r n e r o f t h e M e s e t a ) and t h e f o u r t h one 
l u h i c h e x t e n d s a c r o s s A l m e r i a , Granada and MSlaga 
( i n e a s t e r n A n d a l u c i a ) . I n g e n e r a l t h e p r o v i n c e s 
a l o n g t h e P o r t u g u e s e f r o n t i e r a r e d a r k e s t and t h e 
C a n t a b r i a n and M e d i t e r r a n e a n ones ( e x c e p t t h e 
s o u t h e a s t ) a r e l i g h t e r . A s t r i k i n g f e a t u r e , u/hich 
i s f u l l y s u p p o r t e d by t h e p r e s e n t r e s e a r c h , i s t h e 
c o n t r a s t b e t w e e n t h e h i n t e r l a n d , a m a s s i v e c o r e o f 
h i g h l y p i g m e n t e d i n d i v i d u a l s , and most o f t h e 
c o a s t a l d i s t r i c t s , l u h i c h i n c l u d e t h e l i g h t e s t 
s k i n n e d p r o v i n c e i n S p a i n ( A l i c a n t e , i n t h e e a s t ) . 
I t i s , i n d e e d , r e m a r k a b l e t h a t s m a l l s a m p l e s , 
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Darker »kln 
eo l o u r 
P i g . V I . 1-11. P i g r n e n t a t i o n i n S p a i n . 
f T e r i t a t i v e a f t e r Sanchez Fernandez, 1 9 1 ? ) . 
l i k e t h e s e , s h o u l d e x h i b i t such a h i g h d e g r e e o f 
a g r e e m e n t w i t h e x p e c t a t i o n ( i n t e r m s o f e c o l o g i c a l 
f a c t o r s o r o f c u r r e n t k n o w l e d g e ) . I t i s hoped t h a t 
f u t u r e i n v e s t i g a t i o n s w i l l h e l p e i t h e r t o v e r i f y o r 
t o d i s c a r d a t l e a s t some o f t h e p o i n t s w h i c h emerged 
d u r i n g t h e c o u r s e o f t h i s r e s e a r c h . 
Summary The a n a l y s i s o f v a r i a n c e t e c h n i q u e e l i c i t e d t h e 
e x i s t e n c e o f s i g n i f i c a n t ' d i f f e r e n c e s between geo-
g r a p h i c a l a r e a s , w i t h i n t h e two b i g g e s t s a m p l e s , when 
o t h e r f a c t o r s were c o n t r o l l e d f o r . The r e s u l t s , i n 
s p i t e o f t h e r e d u c e d s i z e o f t h e g e o g r a p h i c a l p a r t i t -
i o n s , a r e m a i n l y i n agreement w i t h t h e e x p e c t e d i n 
t e r m s o f c l i m a t i c f a c t o r s and c u r r e n t k n o w l e d g e . 
D i m e n s i o n s d a y s - , age and - e v e n t u a l l y - sex were 
f o u n d t o be more i m p o r t a n t t h a n g e o g r a p h i c a l l o c a t i o n 
i n a c c o u n t i n g f o r i n t e r n a l p i g m e n t a r y v a r i a b i l i t y . 
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\ / I , 2 . D i s t r i b u t i o n o f h a i r c o l o u r and eye c o l o u r . 
W h i l e sample s i z e s f o r h a i r and eye c o l o u r are o f 
t h e same o r d e r o f m a g n i t u d e as i n t h e p r e c e d i n g sec-
t i o n , t h e method o f measurement i s n o t e q u a l l y accu-
r a t e and, s i n c e t h e f i e l d i s , s e c o n d a r y t o t h e main 
s u b j e c t of t h i s w o r k , t h e o n l y r e a s o n f o r s t u d y i n g 
t h e g e o g r a p h i c a l d i s t r i b u t i o n o f t h o s e two v a r i a b l e s 
i s d o c u m e n t i n g t h e s k i n c o l o u r o f o u r samples w i t h i n 
a w i d e r c o n t e x t . 
I n t a b l e s \ y i . 2 - 1 and Ml,2-2, a and b, v a r i a b l e s 
h a i r and eye have been r e a r r a n g e d a c c o r d i n g t o t h e 
same g e o g r a p h i c a l r e g i o n s as i n s e c t i o n U I . I , The 
d e v i a t i o n s o f t h e r e g i o n a l o b s e r v e d f r e q u e n c i e s f r o m 
t h e e x p e c t e d v a l u e s ( c o r r e s p o n d i n g i n each case t o 
t h o s e o f t h e r e m a i n i n g p o p u l a t i o n ) i n most cases 
seemed t o o s m a l l f o r s i g n i f i c a n c e , and so o n l y Skanes 
d e v i a t i o n was i n v e s t i g a t e d u s i n g t h e c h i - s q u a r e t e c h -
n i q u e . D i f f e r e n c e s a r e o n l y s i g n i f i c a n t f o r v a r i a b l e 
eye ( p = 0 , 0 4 3 ) , w i t h . S k a n e e m e r g i n g as d a r k e r - e y e d 
t h a n t h e o t h e r r e g i o n s . A f t e r Skane comes f i r s t t h e 
n o r t h , t h e n t h e s o u t h e a s t and - i n t h e l a s t p l a c e -
t h e s o u t h w e s t . For v a r i a b l e h a i r , t h e r e g i o n s can be 
a r r a n g e d i n o r d e r o f i n c r e a s i n g f a i r n e s s as f o l l o w s : 
n o r t h , s o u t h e a s t , Sk§ne and s o u t h w e s t . The d i f f e r e n c e s 
a r e , however, n o t s i g n i f i c a n t . 
Among S p a n i a r d s , a f t e r r e m o v i n g t h e n o r t h e r n a r e a 
( r e i n o l ) , w h i c h o n l y c o n t a i n s one o b s e r v a t i o n , s i g -
n i f i c a n c e was a t t a i n e d f o r v a r i a b l e h a i r (p=G.Q36). 
The e a s t e r n r e g i o n i s f a i r e r t h a n a v e r a g e , w h i l e b o t h 
t h e c e n t r e and, e s p e c i a l l y , t h e s o u t h a r e d a r k e r ' 
( a l t h o u g h t h e c e n t r e ' s d e v i a t i o n i s n o t s i g n i f i c a n t ) . 
W i t h r e s p e c t t o v a r i a b l e e y e , a l t h o u g h t h e d i f f e r -
e n c e s a r e a g a i n n o t s i g n i f i c a n t , t h e s o u t h emerges as 
d a r k e r t h a n t h e e a s t , w h i c h i n t u r n i s d a r k e r t h a n 
t h e c e n t r e . 
Thus, t h e c o m p a r a t i v e l y d a r k p i g m e n t a t i o n o f t h e 
s k i n o f S c a n i a n s f i n d s a c o u n t e r p a r t f o r eye c o l o u r , 
w h i l e t h e e v i d e n c e f o r h a i r c o l o u r i s i n c o n c l u s i v e . 
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(») Bye (b) H a i r 
1 SE SW H 99 1 S? H 99 
48 5 3 | l 9 j i 77 79 8 : 
1 
4 1 9 5* 1 154 39.289 4.015 3.01; 2 561 I 26 1 0 4 ! 76.557 7.390 5.912 , 6.503 57.639 i 
226 23 15 . 15 il77 i 460 180 17 ; 16 1 13 141 1 367 234.711 23.985 17.985 15 41Q ;167. 8 0 6 ! 182.443 17.610 14.0681 15.497 
137.361 1 
274 26 21 18 196 537 259 25 20 22 195 521 
( 1 . r e s t ) = 4.091 2 X r e s t ) = 0.105 x^ ( 1 . r e s t ) = 0.139 x^ (SE, r e s t ) = 0.909 df •= 1 P = 0.043 + df F = 0.675 df = 1 P = 0.710 df = 1 P = 0,340 
Table V I . 2 - 1 . D i s t r i b u t i o n of eye colour ( a ) and h a i r colour (b) i n Sweden 
Legend. 
1 . 1 c Sk&ne; 99 = u n c l a a e i f i a b l e ; SE, SW and F as i n s e c t i o n VI.1. 
2. P i r s t row: obeerred frequencies. Second row: expected frequencies. 
( a ) eye 

















1 44 13 162 
x^ ( 2 , 
df = 2 
.3, c e n t r e ) = 0.011 




(b) H a i r 
1 2 3 Centre 
1 40 6 137 
0.846 37.2 10.991 156.964 
0 4 5 25 
0.155 6.8 2.009 25.056 
44 13 162 
X (2, 3, c e n t r e ) c 6.606 




Tab l e T l . 2 - 2 . D i s t r i b u t i o n of eye colour ( a ) and h a i r colour (b) i n Spain 
Legend. 
1. 1 = north, 2 = south, 3 = east. ( A l l a£ i n a e c t i o n 71.1). 
2. F i r s t row: obserred frequencies. Second row: expected frequencies. 
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T h i s i s f u l l y i n agreement w i t h t h e r e s u l t s o b t a i n e d 
i n o l d e r , more e x t e n s ' i v e s u r v e y s ( f i g . \Jl.2-^), 
The same s i t u a t i o n i s o b s e r v e d among S p a n i a r d s , 
f o r whom i t i s known t h a t b l o n d i s m o f h a i r and e y e s , 
among Aragonese and A n d a l u s i a n s , and o f h a i r a l o n e , 
a l o n g t h e e a s t e r n c o a s t a l zone, a r e more f r e q u e n t 
t h a n among t h e i n h a b i t a n t s o f t h e Meseta ( f i g . \ll.2-
2 ) . A g a i n , as among Swedes, p i g m e n t a t i o n o f t h e s k i n 
a p p e a r s t o c o n f o r m t o e x p e c t a n c i e s b e t t e r t h a n do 
p i g m e n t a t i o n o f h a i r and e y e s . 
As a w h o l e , h a i r c o l o u r seems more v a r i a b l e t h a n 
eye c o l o u r among S p a n i a r d s , w h i l e t h e o p p o s i t e i s 
t r u e among Swedes. However, s i n c e sample s i z e s a r e 
s m a l l , i t - i s r a t h e r r i s k y t o e l a b o r a t e any f u r t h e r . 
Summary Between g e o g r a p h i c a l a r e a s , as r e v e a l e d by t h e 
2 
x - t e c h n i q u e , v a r i a b i l i t y o f h a i r c o l o u r and eye 
c o l o u r i n Sweden and S p a i n i s - when e x i s t e n t -
m o s t l y i n agreement w i t h e s t a b l i s h e d k n o w l e d g e . 
P i g m e n t a t i o n o f t h e s k i n i s shown t o f o l l o w eco-
l o g i c a l v a r i a b i l i t y more c l o s e l y t h a n eye c o l o u r , and 
h a i r c o l o u r do. 
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l i g h t and mixed eyes i n men { % ) . 
(No. 1-8 of Martin-Schultz'B s c a l e ) . 
(b) 
l i g h t h a i r among 22-year old men ( ^ ) . 
(No. 1-3 and 7-26 of F i s c h e r ' s s c a l e , 
and no. I - V I and A-Q of Plscher'e and 
S a i l e r ' s s c a l e ) . 




P i g . V I . 2 - 1 . D i s t r i b u t i o n of h a i r colour ( a ) and eye colour (b) 
i n Sweden. (A f t e r Lundman, 1 9 4 4 ) . For comparison, d i s t r i b u t i o n 
of brown eyes ( c ) and of "predominantly dark types" (d) by 'Ian' 
( A f t e r Lundborg & Linders, 1 9 2 6 ) . 
Legend. 
1. Lundman himself considered h i s map f o r h a i r colour not t o t a l l y 
accurate (Lundman, 196?). 
2. As "predominantly darV types" are included those with l i g h t 
eyes and dark (head) h a i r and those with dark eyes and medium 
brown (head) h a i r - or darker combinations. 
I N L A N D 
ESTHONIA 
D A N M A R 
L I T H U A N I A 
7.26-8 10 
282 
^ t ' ' ' " i t 
tastaaitnbrawn 
B l i u , grsabUa, gnv und helU Q = V4 (= V's N.v i r rm, 
H = bnno. G r e w der g r i a b l i u r B (g>no«) mehr t U 
Z a r t g o u , Guipozco*). ^ = ' / j . 
bliiueo ( i iu le t ) . ( = Granbl.u and klau gleirh 
miisaiS') — V i i c a r i ; b l . , CT .-bl. = V7. Viicara: I I . , ;T.-U., ^. = V5- Viic«y»: b l . , g r . -b l . , gr., bell 
Attorim: b l . , gr . -bl . = Vg- A ' t n r i i : b l . , g r . - t l . , hell = Y,. B.dnjoz: b l . = '/lo- Badajoi: b l . , hr l l nnd 
T f i l c h e n b l . = »/,. SaoUoder: M., gr . -b l . = Vt-
Grraxe der Kitianienb. mehr alt gnabnunen (pardo*). Grenie der Hon'igfarbeu mebr alt granbraaotn 
= Vv Greue der RaauoienbraoDea — V|. 
I I I I I I I I + I I I I T 
17.7 33.0 12.4 45.4 36.9 T o t a l 
14.5 65.9 0.0 65.9 19.6 CatalaB7« 
16.9 61.0 5.2 66.2 16.9 • u r e l a 
15.4 61.5 0.0 61.5 23.1 C a c a r l a s 
12.1 61.5 2.3 63.6 24.3 T a l e s e l a 
10.7 54.4 7.1 61.5 27.8 Andalucla 
21.1 52.6 5.3 57.9 21.0 Balearea 
18.8 42.5 3.4 45.9 35.3 S r t m a d u r a 
21.4 41.3 5.4 46.7 31.9 C a s t i l l a l a IneTa 
21.1 30.5 1.8 32.1 46.8 C a a t i l l a l a T i e j a 
54.9 25.8 2.2 28.6 37.1 i r a c d c 
18.8 23.0 2.1 25.1 56.1 Ledn 
19.1 22.5 3.4 25.'9 55.0 l a t u r l a e 
11.7 21.3 48.2 69.5 18.8 Granada * 
59.2 11.4 0.0 11.4 49.4 Vascongadaa, l a r a m 
12.3 7.8 0.8 8.6 79.1 G a l l e l a 
D l a t r l b u t i o n of eye colour i n Spain. ( A f t e r H070S * 
IrmBaadi, 1893-4). 3261 I n d i T i d u a l a (c * " ) . 
Legend. 
1. I « blue, grey, green. I I = gray-brown ('pardo'). 
I l l « honey-coloured. 17 = black, dark brown. 
2. Granada '*' c Cdrdoba, Ja<n, A l a e r f a , Granada and 
B<la«a. 
rig. TI.2-2. D l a t r l b n t l o n of eye colour ( a ) and 
h a i r c o l o u r (b) tn Spain. 
( i n the imT>08Bibility of f i n d i n g any of the two 
or three old works axtenalTely d e a l i n g with the 
d i s t r i b u t i o n of h a i r , eye and alrln colour i n 
Spain, the author w i l l only reproduce the data 
which he has been able to gather through incoB-
p l e t e quotations i n other s o u r c e s ) . 
Blond h a i r c o l o u r occurs I n Spain with a f r e -
quency of 14.5 per cent (presumably including 
llg ' - t brown). Traces of blondieo are T i s i b l e i n 
17 per cent of the population, while black h a i r 
•Bounts to 29 per cent. The proTince with l e a s t 
blonds l a J a l e n e i a (4 <) and with noet l a Bara-
goca (30 %); m general, the prorlneee along the 
Portuguese f r o n t i e r are among the darkest, and 
those along the Hediterranean and Cantebric aea-
boards among the l i g h t e s t . The Kedlterranean 
coast has more blonds than the Cantabrian. 
(b) 
D i e t r i b u t i o n of h a i r colour i n Spain. 
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( a ) 
B i a t r i b u t i o n o f eye c o l o u r r i n B r i t a i n . 
( A f t e r Boyce e t a l . , 1973). 
le g e n d . 
1. Shaded: g r e y , i n t e r m e d i a t e , d a r k -
b l u e and l i g h t b l u e eyes ( M a r t i n 





[ i n ] - i - 2 s % 
^ l - 2 t - 1 - 3 0 % 
Oark 
( b ) 
D i s t r i b u t i o n o f h a i r c o l o u r i n B r i t a i n . 
Based on s p e c t r o p h c t o m e t r i c wor!c o f lOQO 
h a i r samples. ( A f t e r Sunderland. 1954). 
L e f t ; r e g i o n a l d i s t r i b u t i o n o f d a r k - t o -
l i g h t h a i r s ( v a r i a n c e method)! zero 
percentage r e f l e c t a n c e t a k e n as o r i g i n . 
R i g h t , r e g i o n a l d i s t r i b u t i o n o f r e d - h a i r 
f r e q u e n c i e s ( R - r a l u e s below 47.0 taken 
t o denote red h a i r ) . 
? i g . VI,2-3. D i s t r i b u t i o n o f eye c o l o u r ( a ) and 
h a i r c o l o u r ( b ) i n B r i t a i n . 
CHAPTER U I I 
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V I I . 1 . S k i n c o l o u r and s t a t u r e . 
I n s p i t e o f t h e e v i d e n t d e f i c i e n c i e s o f p r e c i s i o n 
i n t r o d u c e d by t h e method f o r g a t h e r i n g i n f o r m a t i o n 
on s t a t u r e , i t uias c o n s i d e r e d t h e y tuere n o t l i k e l y 
t o a f f e c t t h e s i g n o f any e v e n t u a l c o r r e l a t i o n 
e x i s t i n g betiueen v a r i a b l e s t a l l and p i g m e n t a t i o n o f 
t h e s k i n , b u t m e r e l y i t s m a g n i t u d e - and t h a t o n l y 
i n a m a r g i n a l luay. L e v e l s o f s i g n i f i c a n c e m i l l p r o b -
a b l y r e m a i n f o r t h e most p a r t u n i n f l u e n c e d . Conse-
q u e n t l y , a p a r t i a l c o r r e l a t i o n , a n a l y s i s luas p e r f o r m e d 
f o r e a c h o f t h e 3/4-samples betuieen v a r i a b l e u i a 9 , . 
c o n t r o l l e d f o r p r e d i c t o r s , and v a r i a b l e t a l l ( t a b l e 
U I I . 1 - 1 ) . 
u i B 9 w i t h t a l l t y p r e d i c t o r s 



















0.669 - , 
0.091 -
TaMe V I I . 1-1. C o r r e l a t i o n s between p i g n e r t a t i o n , c o r r e c t e d 
f o r p r e d i c t o r s , and s t a t u r e . 
F i g u r e s U I I . I - I t o V/II.1-3 i l l u s t r a t e t h e geo-
g r a p h i c a l d i s t r i b u t i o n o f s t a t u r e i n Siueden, S p a i n 
and G r e a t B r i t a i n . 
S i g n i f i c a n c e shouied up o n l y among Smedish males 
( p = 0 . 0 0 0 ) . A l l o t h e r v a l u e s l i e f a r aiuay f r o m any 
a c c e f 5 t a b l e l e v e l , e x c e p t f o r B r i t i s h f e m a l e s (p = 
0 , 0 9 1 ) . B o t h c o e f f i c i e n t s a r e p o s i t i v e . U n f o r t u n a -
t e l y , sample s i z e i s s m a l l i n b o t h c a s e s : 37 B r i t i s h , 
180 Su;edes. I t lu o u l d be e x t r e m e l y i n t e r e s t i n g t o 
c h e c k on b i g g e r s a m p l e s . E x p l a i n i n g an e v e n t u a l c o r -
( ( a ) D i T l e i o n i n t o regions according 
t o HoyoB S a l n i f l 9 5 2 ) 286 
ST*TU1t (rfrf) '91' 
, > D i s t r i b u t i o n o f s t a t u r e f o r m i l i t a r y 
r e c r u i t s . (Values I n cm). 
Tear S t a t . Region Sta-t. S t a t . 
1958 166.4 I 166 . 9 168.2 
1959 166.6 I I 167,0 166.9 
1960 166.7 I I I 167.1 166.8 
1961 166.9 IV 167.2 167.1 
1962 167.2 V 168.2 168.2 
1963 167.4 V I 168,7 168.4 
1964 167.6 V I I 169.2 168.8 
1965 167,7 V I I I 169.7 169.6 
1966 167.8 IX 170,1 169.1 
1967 168.1 X 170,3 170.0 




P i g . V I I . 1 - 2 . D i s t r i b u t i o n o f 
s t a t u r e I n Spain. ( A f t e r V a i l s 
1980). ( a ) S t a t i s t i c s f o r 1967 
e o n a c r i p t s . ( b ) and ( c ) S t a t i s -
t i c s f o r o t h e r y e a r s . 
T A I LLC 
rch a l l e 
100 100 
f i g . V I I . 1 - 3 . D i s t r i b u t i o n o f 
S t a t u r e i n B r t t a i n . ( A f t e r Coon, 
1939 and M a r t i n , 1939. I n Sauter 
1952). 
I N L A N a 
li I T H U A N I * 
I 7 0 a - I 7 l 3 a 17I.M-17ZJ» I72» i -173M 
8VERK3E 
P i g , V I I . 1 - 1 , D i s t r i b u t i o n o f s t a t u r e 
i n S candinavia, ( a ) Given as average 
d e v i a t i o n s from t h e t o t a l mean f o r i^ore 
than 1,000,000 s u b j e c t s . ( A f t e r Lundman 
1946), ( b ) ?y l a n , based on 47,000 male 
Swedes, ( A f t e r l u n d b o r g 4 L i n d e r s , 1926) 
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r e l a t i o n o f such a s o r t among t h e B r i t i s h i n t e r m s 
o f t a l l I r o n Age n o r d i c s and s h o r t e r and d a r k e r 
N e o l i t h i c m e d i t e r r a n e a n s , a l t h o u g h i t may be b a s i c a l -
l y c o r r e c t , i s p r o b a b l y o v e r s i m p l i f i e d as b l o o d groups 
and a n t h r o p o m e t r y seem t o c o n v e r g e i n s u g g e s t i n g t h e 
e x i s t e n c e . o f a submerged more a r c h a i c t y p e , l u i t h p r e -
sumed m e s o l i t h i c c o n n e c t i o n s , e s p e c i a l l y i m p o r t a n t 
i n t h e more i s o l a t e d a r e a s o f t h e u i e s t e r n d i s t r i c t s 
( a s well as i n s o u t h m e s t e r n and l u e s t e r n I r e l a n d ) 
( M o u r a n t , 1976; Coon, 1 9 3 9 ) . I f Coon's c o n c l u s i o n s on 
h i s s k i n f a i r n e s s and t a l l s t a t u r e ( b o t h s u p e r i o r t o 
t h e n o r d i c l o c a l t y p e ) a r e c o r r e c t , h i s i n t r u s i o n i n 
t h e p i c t u r e l u o u l d o n l y s e r v e t o r e i n f o r c e t h e c o r r e -
l a t i o n . A n o n - t o t a l l y d i s s i m i l a r t y p e ( t h e s o - c a l l e d 
T y d a l t y p e ) has been r e p o r t e d f r o m c e n t r a l Noriuay and 
p a r t s o f Su/eden ( B r y n , 1 9 2 1 ; Lundman, 1 9 5 2 ) , a l s o 
r e l a t i v e l y i s o l a t e d d i s t r i c t s ( f i g . U I I . 1 - 4 ) , b u t no 
i n d e p e n d e n t r e f e r e n c e t o h i s s k i n c o l o u r i s made, 
TRONOnjEM 
Stonion o 
N 0 R W\A Y 
ROflOS 
F l f . V I I . 1 - 4 . ( a ) T y d a l ( T y d a l e n ) i n T r o n d e l a g . The s n a i l d o t e I n -
d i c a t e i n h a b i t e d a r e a s . ( A f t e r B r y n , 1 9 2 1 ) . 
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a l t h o u g h i t seems t o be d a r k e r . The e x i s t e n c e o f 
t h i s t y p e i n S c a n d i n a v i a i s t o d a y a. s t r i c t l y l o c a l -
i z e d phenomenon, a l t h o u g h i t i s l i k e l y t o have c o n -
t r i b u t e d i n a n o n - n e g l i g i b l e ujay t o t h e p o p u l a t i o n i n , 
a t l e a s t , c e n t r a l S c a n d i n a v i a , Our sample has, houj-
e v e r , p r a c t i c a l l y no i n d i v i d u a l s f r o m t h a t a r e a . W i t h 
t h a t e x c e p t i o n , a l l o t h e r a l i e n e l e m e n t s i n Scan-
d i n a v i a , p a s t or p r e s e n t , a r e on a v e r a g e s h o r t e r and 
p r e s u m a b l y a l s o d a r k e r t h a n t h e Siuedes, c o n t r i b u t i n g 
t h e n , as i n t h e case b e f o r e , t o t h e appearance o f a 
p o s i t i v e c o r r e l a t i o n between s t a t u r e and p i g m e n t a t i o n 
o f t h e s k i n . 
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M i l , 2 . P i g m e n t a t i o n o f t h e s k i n , eyes and h a i r . 
I n eye c o l o u r and h a i r c o l o u r Sweden and S p a i n 
o c c u p y ttuo p o l a r p o s i t i o n s , t u i t h l i g h t p i g m e n t a t i o n 
a b s o l u t e l y p r e v a i l i n g i n t h e f i r s t c o u n t r y u j h i l e d a r k 
i s t o t a l l y d o m i n a n t i n t h e second one, B r i t a i n l i e s 
someu/here i n b e t u i e e n . I n t h i s s e c t i o n an a t t e m p t w i l l 
be made a t f i n d i n g any e v e n t u a l a s s o c i a t i o n s between 
s k i n c o l o u r , as measured a t t h e n i n t h f i l t e r w i t h t h e 
r e f l e c t o p h o t o m e t e r , and p i g m e n t a t i o n o f h a i r and i r i s 
o f t h e eye. The same p r e d i c t o r s as were used b e f o r e 
a t e l i c i t i n g g e o g r a p h i c a l l y i n d u c e d p i g m e n t a r y v a r i a -
b i l i t y , w i l l a g a i n be u t i l i z e d as f a c t o r s and c o -
v a r i a t e s i n an a n a l y s i s o f v a r i a n c e . 
For s e v e r a l r e a s o n s i t was a d v i s a b l e t o r educe t h e 
o r i g i n a l number o f h a i r and eye c o l o u r c a t e g o r i e s t o 
f o u r i n b o t h c a s e s . These r e a s o n s were: .1) t o m i n i -
m i z e t h e d e f i c i e n c i e s i n a c c u r a c y i n h e r e n t t o c l a s s i -
f i c a t i o n o f c o l o u r by t h e naked e y e , 2) t o r e d u c e 
t h e r i s k s f o r t h e a p p e a r a n c e o f empty c e l l s or c e l l s 
w i t h v e r y few c a s e s , 3) t h e new a r r a n g e m e n t o f c a t -
e g o r i e s f o r h a i r c o l o u r has a r a n k i n g c h a r a c t e r w h i c h 
f i t s w e l l w i t h G a r d n e r ' s r e s u l t s ( G a r d n e r , 1 9 3 4 ) , t o 
be d e a l t w i t h i m m e d i a t e l y . For t h e new a r r a n g e m e n t , 
w h i c h i s f u l l y i n a c c o r d w i t h c h a p t e r I I I , eye c o l o u r 
has been d i v i d e d i n t o t h e f o l l o w i n g c a t e g o r i e s : ( l ) 
d a r k s , ( 2 ) medium and l i g h t b rowns, ( 3 ) mixed and 
( 4 ) g r e e n s , g r e y s and b l u e s . For h a i r c o l o u r , t h e 
new c a t e g o r i e s , l e s s r e a d i l y c o n v e r t i b l e t o t h e o l d 
o n e s , a r e : ( l ) b l a c k , ( 2 ) d a r k and medium brown, w i t h 
o r w i t h o u t a c e r t a i n r e d d i s h t i n t , ( 3 ) l i g h t b r o w n , 
ash b l o n d , b l o n d , r e d d i s h b l o n d and d a r k r e d , ( 4 ) 
l i g h t b l o n d , p l a t i n u m b l o n d , a l b i n o p l u s medium t o 
l i g h t r e d . 
I t i s a common n o t i o n among laymen t h a t r e d - h a i r e d 
p e o p l e have u n u s u a l l y l i g h t s k i n s and t h a t t h e y f r e c k l e 
i n s t e a d o f t a n n i n g . T h a t w o u l d be so i n s p i t e o f p u r e 
r e d h a i r , e v e n t h e l i g h t e s t one, n o t a p p e a r i n g 
p a r t i c u l a r l y l i g h t mhen compared m i t h l i g h t b l o n d s , 
G a r d n e r ( 1 9 3 4 ) l u i t h t h e a s s i s t a n c e o f a Hardy r e -
d o r d i n g s p e c t r o p h o t o m e t e r , succeeded i n i l l u s t r a t i n g 
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REFLECTANCE AT 7 0 0 m p 
P i f . V I I , 2 - 1 . G a r d n e r ' s t h r e e s e r i e s f o r c o l o u r o f t h e 
h a i r . ( A f t e r G a r d n e r , 1 9 5 4 ) , 
He f o u n d o u t t h a t a c l u s t e r o f p o i n t s r e p r e s e n t i n g 
t h e r e f l e c t a n c e s a t 700 nm ( a b s c i s s e s ) and a t 546 nm 
( o r d i n a t e s ) o f 53 w i d e l y d i f f e r e n t h a i r s a m p l e s , 
c o u l d be d i v i d e d i n t o t h r e e spaces by tujo s t r a i g h t 
l i n e s ( s l o p e s 0.47 and 0 , 4 0 ) , and t h a t t h e s e t h r e e 
s p a c e s mould d e f i n e t h e c h r o m a t i c s e r i e s l e a d i n g 
f r o m b l a c k t o b l o n d ( t h e upper one, m i t h o u t any r e d ) 
and t h e s e r i e s o f t h e p u r e r e d s ( t h e l o u i e r o n e ) m i t h 
a r e d d i s h - b r o m n s e r i e s i n be t w e e n . Any o b s e r v e d h a i r 
c o l o u r c o u l d , t h u s , be r e f e r r e d t o t h i s d i a g r a m by 
f i n d i n g o u t l u h e t h e r f^545/'^70Q ( q u o t i e n t betmeen r e -
f l e c t a n c e s ) mas g r e a t e r t h a n 0,47, lomer t h a n 0,40, 
or i n t e r m e d i a t e . S u bgroup F ( b l o n d s ) , m i t h i n t h e 
b l a c k - t o - b l o n d s e r i e s , has no c o u n t e r p a r t m i t h i n t h e 
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o t h e r s a t 700 nm. Even t h e d a r k e s t b l o n d w i t h i n t h e 
s e r i e s i s l i g h t e r t h a n t h e l i g h t e s t r e d a t b o t h wave-
l e n g t h s . The n a t u r e o f t h e r e l a t i o n s h i p between t h e 
s e r i e s seems t o s u g g e s t t h a t p u r e r e d h a i r owes l i t t l e 
i f a n y t h i n g t o m e l a n i n c o n t e n t , w h i c h i n t u r n s u g g e s t s 
a v e r y low m e l a n i n c o n t e n t f o r t h e s k i n as w e l l . 
F i g u r e s U I I . 2 - 1 and Mil,2-2 i l l u s t r a t e t h e r e l a t i o n -
s h i p s between r e f l e c t a n c e s f o r d i f f e r e n t h a i r c o l o u r s 
as seen f r o m two d i f f e r e n t a n g l e s . U n f o r t u n a t e l y , t h e 
number o f r e d - h a i r e d i n d i v i d u a l s i s e v e r y w h e r e i n o u r 
s a m p l e s e x t r e m e l y l o w , i n s u f f i c i e n t f o r c o n s t i t u t i n g 
a v a l i d s u b g r o u p ( 5 Swedes, no B r i t i s h , no S p a n i a r d s ) , 
f o r w h i c h r e a s o n no a t t e m p t was made t o s t u d y t h e i r 




400 500 600 
WAVELENGTH - mu 
700 
»ig. V I I . ? - 2 , R e f l e c t a n c e c u r v e s f o r d i f f e r e n t k i n d s 
o f h a i r . ( A f t e r G a r d n e r , 1 9 3 4 ) . 
The d i s t r i b u t i o n s o f h a i r c o l o u r and eye c o l o u r 
i n t h e t h r e e c o u n t r i e s a r e s u m m a r i z e d i n f i g u r e s 
U I . 2 - 1 , U I . 2 - 2 and Ml,2-3, 
S i g n i f i c a n t a s s o c i a t i o n b e t w e e n p i g m e n t a t i o n o f 
t h e s k i n and c o l o u r o f t h e i r i s ( t a b l e s U I I , 2 - 1 , 
Mil,2-2 and U I I , 2 - 3 ) was o n l y d e t e c t e d amon^g 
S p a n i a r d s ( p = 0 , 0 4 0 ) , where t h o s e w i t h mixed i r i s e s 
were f o u n d t o be l i g h t e s t , f o l l o w e d by p e r s o n s w i t h 
g r e e n , g r e y or b l u e e y e s . D i f f e r e n c e between t h o s e 
two g r o u p s i s n o t s i g n i f i c a n t . D i f f e r e n c e between any 
o f t h o s e two and t h e d a r k e s t one i s , however, s i g n i f i -
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c a n t . E x a c t l y t h e same o r d e r , b u t m i t h o u t s i g n i f i -
c a n c e , i s o b s e r v e d among Swedish. Among t h e B r i t i s h , 
homever, p i g m e n t a t i o n o f t h e i r i s and h a i r change i n 
a c o m p l e t e l y p a r a l l e l may. 
S i g n i f i c a n t v a r i a b i l i t y o f s k i n p i g m e n t a t i o n m i t h 
h a i r c o l o u r ( t a b l e s \ / I I , 2 - 4 , \ y i I , 2 - 5 and 1/11,2-6) mas 
n e a t l y f o u n d among Smedes (p = 0 . 0 2 4 , a l l p o s s i b l e com-
p a r i s o n s ) , S p a n i a r d s ( p = 0 . 0 1 l ) and n e a r l y among 
B r i t i s h ( 0 . 0 6 0 ) . T h i s q u a s i s i g n i f i c a n t r e s u l t among 
t h e B r i t i s h i s , homever, j u s t c a t e g o r y f o u r ' s e f f e c t • 
( m i t h o n l y tmo c a s e s ) . As a mhole, p i g m e n t a t i o n o f 
t h e s k i n d i m i n i s h e s m i t h d e c r e a s i n g p i g m e n t a t i o n o f 
t h e h a i r i n t h e t h r e e s a m p l e s , b u t t h e d a r k e s t com-
p l e x i o n b e l o n g s - among Smedes - t o t h o s e i n ra n k 3 
( l i g h t bromn' t o d a r k e r hues o f bond and r e d ) , VJhether 
t h i s o d d i t y i s a g e n u i n e c h a r a c t e r i s t i c or t h e rem-
n a n t e f f e c t o f some unremoved b e h a v i o u r a l d i m e n s i o n 
i s d i f f i c u l t t o t e l l . I n t h e l a s t c a s e , i t m i g h t be 
t h e outcome o f o v e r c o m p e n s a t i o n , o f mhich me may 
a l r e a d y have f o u n d some s i g n s m h i l e e x a m i n i n g t h e 
b e h a v i o u r a l v a r i a b l e s ' i m p a c t on p i g m e n t a t i o n o f t h e 
s k i n . Namely, t h a t t h o s e n a t u r a l l y p o s s e s s i n g l i g h t e r 
c o m p l e x i o n s - mhich among m h i t e s i s m e n t a l l y a t t a c h e d 
t o h a i r as o f t e n a t l e a s t as t o s k i n - mould t e n d t o 
c a r e more f o r o u t b a l a n c i n g t h e i r ' h a n d i c a p ' t h a n 
t h o s e a l r e a d y endomed m i t h f a s h i o n a b l e d a r k e r com-
p l e x i o n s . A c c o r d i n g t o t h e a u t h o r ' s p e r s o n a l o b s e r -
v a t i o n s , b l o n d Smedes ( a l t h o u g h n o t l i k e l y t h e most 
e x t r e m e t y p e s ) do o f t e n seem t o have a q u i t e a c c e p t -
a b l e c a p a c i t y t o t a n . T h a t may m e l l r e s u l t i n o v e r -
d o i n g f o r p a l e p e o p l e i n c a t e g o r y 3, more u n l i k e l y 
f o r t h o s e i n c a t e g o r y 4, 
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S U B F I L E S V t 
UI«9 
BY SEX 
K I T H PUL6 
A S V £ 
t h A L Y S I S P r V « s : A M c E 
s u n OF KEAN S I 6 M F 
SOURCE o r VARIATION SQUARES DF SCUAPE f OF F 
COVARIATES 2 1 5 . £49 1 .849 12.666 C. OPO OULG 2 1 5 . 8«9 1 215 .549 12.666 0. coo 
MAIN EFFECTS 1 1 6 . 46E T 3E .627 2.27B 0. 078 SEX 4 7 . 267 1 47 .2 67 2.774 096 EYE 6 i . 154 2 32 .077 1.B82 8. 153 
2-UAY INTERACTIONS 30. 4 t 7 2 15 .221 0.?.93 0. 410 SEX EYE 30 . 447 2 15 .22? 0.593 0. 410 
EXPLAINEC 36?. 766 6 60 .461 3.548 0. 002 
RESIDUAL 1 1 8 9 5 . 184 69S 17 .Oi? 
TOTAL 1 2 2 5 7 . 949 704 17 .412 
COVARIATE R«W REGRESSION COEFFKIEK' 
PUL6 1.539 
751 CASES WEPE PROCESSED. 
4£ CASES { 6.1 PCI ) WERE MISSINE 





C L » S 5 ! F I C A T 0 N A N A L Y S I S 
GRANT WEAN = £5.23 





KULTIFLE R SOUARED 





























Table V I I . 2 - 1 . The a s s o c i a t i o n between s k i n c o l o u r 
and eye co l o v i r i n Sweden, 
leg e n d . 
1. Eye c o l o u r : 
1 c d a r k , 2 > medium ana l i g h t brown, 3 = n i x e d , 
4 = green, g r e y , b l u e . 
?. Sex: 
1 t= male, 2 = fema l e . 
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S U B F I L E « S P A 
y i A 9 
B T S E X 
C V E 
K I T H a i 
S I S O F V A * I « 
S O U R C E O F V A R I A T I O N 
S U ^ OF 
S Q U A R E S O F 
R E A N 
S Q U A R E F 
S I S N I F 
O F F 
e O V A R I A T E S 
*1 ] VM 0 . 0 0 1 0 . 0 0 1 
M A I N E F F E C T S 
S E X 
E T E » 8 . 6 5 0 
n-Mi 
4 0 . 3 2 i 
4 . 1 6 6 
6 . 2 6 4 
3 . 2 6 ? 0 . 0 4 0 
2 - U A Y I N T E R A C T I O N S 
S E X E Y E 
4 5 . 0 1 0 
4 5 . 0 1 0 1 2 2 . 5 0 5 2 2 . 5 0 5 1 . 4 8 * 1 . 4 8 ! 0 . 2 2 8 0 . 2 2 8 
E X P L A I N E D 5 1 6 . 1 1 5 6 a 6 . 0 1 9 5 . 6 8 9 0 . 0 0 0 
R E S I D U A L 3 0 2 4 . 2 5 3 20C 1 5 . 1 2 1 
T O T A L 3 5 4 0 . 3 6 6 ? 0 6 1 7 . 1 8 6 
C O V A R I A T E RAW R E G R E S S I O N C O E F F I C I E N T 
A l 0 . 1 3 2 
2 4 ? C A S E S H E R E P R O C E S S E D . 
3 5 C A S E S t 1 4 . 5 P C T ) K E R E W I S S I N G . 
• • M U L T I P L E C L / 
BY SEX 
k S S I r I c * T I 0 N A N * L Y S I 5 « * * 
EYE 
WITH A l 
6 1 . 8 9 





M U L T I P L E R SS'JAReD 
M U L T I P L E K 
99 
108 
1 2 0 
58 
U S H D J U 5 T E D 
C E V N ETA 
• 0 . 9 9 
0 . 9 1 
0.?} 
-0 . 66 
D.91 
D..94 
0 . 1 ? 
ADJUSTED FDR 
IhDFt=END£KT5 
DEV'N B E H 
« C J U 5 T E C fOS 
:NC-FEKDtNTi 
• C C V 1 R I A T E 3 
CEV'N PET* 
- 0 . 9 ? 
0 . 9 1 
-D . 6 t 
1 . 1 2 
D.51 
0.?J 
0 . 1 9 
0 . C 9 0 
0 . 2 9 9 
T a b l e V I I . 2 - 2 . The a s s o c i a t i o n between s k i n e o l o n r 
and eve colour i n Spain. 
LagsBi. 
1.. Jye colour: 
1 = dark, 2 = aedium anfl l i g h t brown, 5 = a l x e d , 
4 « green, g r e j , blue. 
2 . Bex: 






WIT- r u 5 
AS3 
A N * L Y S I S 0 F V A R I A N C E 
SOURCE OF VARIATICN tU"* OF S3UARES 3F 
«EAN 
SQUARE F 
S I 5 N I F 
Of F 
COVARIATES 































0.'63 0 . 551 
0.951 
0.951 
EXPLAINED 6.396 6 1.149 0.103 0.996 
RESIDUAL 363.>53 73 11.133 
TOTAL 375.249 34 10.420 
COVARIATE RAW REGRESSION COEFFICIENT 
DU5 -0.000 
39 CASES WERE "RQCESSED. 
4 CASES { 4.5 PCT) WERE MISSING. 





C L A S S I F I C A T I O N A N A L Y S I S 
;,RAN5 MEAN - 64.5 1 












U N A D J U S T E D 





C . C 2 
0.16 
0.08 
A C J U S T E O FOS 
I N O E = F N D £ N T S 
O E V N B E T A 
ADJUSTED FOR 











Table T I I . 2 - 3 . The a a a o c i a t i o n between akip colour 
and e j e c o l o u r i n B r i t a i n . 
Legend. 
1. Eye colours 
1 = d a r k , 2 m Bediun and l i g h t brown, 5 c a i z e d , 
4 = green, grey, blue. 
2. Sex: 
1 B B a l e , 2 c fes&ale. 
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W I T H DUL6 
Asvr 
* N • L Y 0 F V » e » »i C E 
SOURCE OF V A R I A T I C K SCUAKt 5 D f 
WEAK 
SQUARE F 
s i G N i r 
OF r 
C O V A R I A T E E 
D U L G imn 1 1 8:888 
K A I N E F F E C T S 
SEX 
H A I S 
2 D t . 1 ? 5 
7 0.070 
1 4 0 . J 6 1 
i 
2 




4 . 0 2 7 




1 3 . 9 4 1 2 6.971 6.971 G . 4 C 0 6.400 0.670 C.67C 
E X P L A I N E : i ? 0 . c ' 9 t 7£.4f0 4 . 5 0 £ 0 . 0 0 0 
R E S I D U » L 1 2 0 5 i . £ 2 e 17.417 
T O T A L 1 2 5 2 3 . 7 0 7 69 f. 17.942 
COVARIATt RAW RESSESSICM COEFFICIENT 
OULG 1.682 
751 CASES WERE FR0CES5EC. 
52 CASES ( 6.9 PCT) WERE «I5SIK'C. 
M U L T I P L E 
U I * 9 
EY SEX 
W I T H CL'LG 
L A S S I f l C A T I O N A N A L V S I 
G»4ND MEAN ; . i 9 






M U L T I P L E R SOL'AREC 
M U L T I P L E R 





D £ V N E T i 
0.39 
-0.2: 





A J J U S T E C F C 




D E W BETA 
0.3S 
•0.26 





T a b l e V I I . 2 - 4 . A a s o c i a t i o n e between 
• k i n c o l o u r and h a i r c o l o u r i n Sweden. 
Legend. 
1. H a i r c o l o u r : 
1 = blac>c, ? = dark and Bedium brown, ( w i t h / w i t h o u t 
a r e d d i s h t i n t ) , 3 e l i g h t brown, ash b l o n d , blond 
r e d d i s h blond and dark r e d , i = l i g h t b l o n d , . p l a -
t l n e b l o n d , a l b i n o , Bedlus; t o l i g h t r e d . 
2 . Sez: 
1 = Ba l e , 2 = female. 
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SUBFILE SPA ASPA 
UIA9 a Y SEX 
HAIR 
WITH A1 
I S O F V A R 
SOURCE OF VARIATION 
SU" OF 
SQUARES OF 














0.775 1 1 
EXPLAINED 400.449 4 
RESIDUAL 3082.649 192 
TOTAL 3483.099 196 











1 0 7 . 2 2 ' 
100.?6T 
106.870 6.656 0.011 
0.775 
0.775 0.043 0.048 0.326 0.326 
130.112 6.235 O.OCO 
16.055 
17.771 
COVARIATE RAW REGRESSION COEFFICIENT 
A1 0.140 
242 CASES WERE PROCESSED. 
45 CASES ( 18.6 PCT) WERE MISSING. 
" U L T ^ I ^ P L E C L A S S I F I C A T I O N 
s Y S E X 
H A I R 
W I T H A l 
A N A L Y S I S 
61.95 
V A R I A B L E » C A T E G O R Y 
S E X 
1 
2 
Hi I S 
2 
3 
M U L T I P L E R S u ' J l C r C -





' j ' i i D J U S T E J 







A D J U S T E D '13 
I N D E P E N D E N T S 
D E V ' N E ' T » 
A D J U S T E D FOR 
INC E P E N C E N T S 
• C O V i S I A T ^ s 
D E V ' S - EET» 
•C.31 
1 . $ 1 
0.16 
0.!67 
Table T I I . 2 - 5 . AaaociationB between 
• k i n c o l o u r and h a i r c o l o u r i n Spain. 
Legend. 
1. H a i r c o l o u r : 
1 = b l a c k , 2 = dark and medium brown. ( w i t h / w i t h o u t 
a r e d d i s h t i n t ) , } c l i g h t brown, aab b l o n d , blond 
r e d d i s h b l o n d and dark r e d , 4 = l i g h t b l o n d , . p l a -
t i n e b l o n d , a l b i n o , mediun t o l i g h t r e d . 
2. Sex: 







I S O F V A * I 
SOURCE OF VARIATION 
































EXPLAINED 59.140 4 14.785 1.469 0.219 
RESIDUAL 845.391 34 10.064 
TOTAL 904.521 33 10.27« 
COVARIATE RAW REGRESSION CCEFCICIENT 
0U5 0.000 
89 CASES WERE PROCESSED. 
0 CASES ( 0.0 PCT) WERE 1 I S S I N 6 . 
n U L T I P L 
OIA? 
BY S E X 
MAI8 
WITH 0U5 
C L A S S I f I C T I 0 N A N A T S I S 
GRAND MEAN = 64.54 
V A R I A B L E * C A T E G O R Y 
S E X 
1 
2 




I U L T I F L E S SQUARED 
M U L T I P L E R 
39 
50 
U N A D J U S T E D 




- C . 4 9 
0. g ? 
3.41 
A D J U S T E D FOR 
A D J U S T E D f-' I N D E ' E N D t N T S 
I N a E O E N C t S T S ^ C O V S S I A T E S 
:EV'M BETA OEV'N BETA 








Table V I I . 2 - 6 . A s s o c i a t i o n B between 
• k i n c o l o u r and h a i r c o l o u r i n B r i t a i n . 
l e g e n d , 
1, H a i r c o l o u r : 
1 » b l a c k , 2 = dark and nedi u n b r o w n . ( w i t h / w i t h o u t 
a r e d d i s h t i n t ) , 3 = l i g h t brown, ash b l o n d , blond 
r e d d i s h blond and dark r e d , 4 = l i g h t b l o n d , . p l a -
t l n e b l o n d , a l b i n o , Dediun t o l i g h t r e d . 
2. Sex: 
1 e B a l e , 2 e fe m a l e . 
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\ y i l , 3 . Skin c o l o u r and blood groups. 
C e r t a i n a n t h r o p o l o g i c a l Facts seem to give support 
t o the s u g g e s t i o n t h a t , of the t h r e e k i n d s of a l l e l i c 
genes of the ABO system, gene 0 may be the o l d e s t i n 
Europe, as p o s s i b l y i n other p a r t s of the luorld as 
well, B being a r e l a t i v e l y r e c e n t Asian a c q u i s i t i o n 
l u h i l e A's o r i g i n s are s t i l l t o t a l l y unknoiun, although 
some c o n n e c t i o n l u i t h the broad-headed c e n t r a l European 
ty p e s has been a l l e g e d (Mourant e t a l . , 1976). I t has 
a l s o been suggested t h a t the a n c i e n t i n h a b i t a n t s of 
u/estern Europe, b e f o r e the coming of a g r i c u l t u r e and 
m e t a l l u r g y , must have had very high f r e q u e n c i e s of D 
and Rh-negative and very loui or no B, and t h a t -
a l t h o u g h the Basques are t h e i r most unmixed descend-
an t s - t r a c e s of them are t o be found i n every refuge 
area of luestern Europe and, perhaps, even i n the 
luestern mountains of the Caucasus. I t i s i n t r i g u i n g 
t o s p e c u l a t e whether the h i g h f r e q u e n c i e s of gene A 
(above 0.30) i n the u/estern p a r t of c e n t r a l Europe 
(between r o u g h l y the western A l p s , the Rhineland and 
t h e French Massif C e n t r a l ) are not t o be l i n k e d w i t h 
the r i s e of A l p i n e types a l l through the area, and 
whether i t s presumably l a t e a r r i v a l i n n o rthwestern 
I b e r i a and e a s t e r n B r i t a i n and a l s o Scandinavia i s 
not t o be connected somehow w i t h the C e l t i c migra-
t i o n s and the roaming of the Teutonic t r i b e s , 
( l ) I t i s h i g h l y d o u b t f u l t h a t what t o many s c h o l a r s seem 
t o r e p r e s e n t the p u r e s t modern focus of c e l t i s m i n 
B r i t a i n and I r e l a n d , are b i o l o g i c a l l y ' C e l t i c ' to a 
s i g n i f i c a n t e x t e n t , t h e i r many C e l t i c c u l t u r a l t r a i t s 
n o t w i t h s t a n d i n g . These two c o u n t r i e s c o n t a i n e d , by the 
time of the C e l t i c a r r i v a l , a c o m p a r a t i v e l y dense popu-
l a t i o n of f a r m e r s , i n the best lowland areas, and 
h u n t e r s . Very l i k e l y , the most m a r g i n a l areas were c e l -
t i c i z e d more c u l t u r a l l y than b i o l o g i c a l l y . I t i s no 
l o n g e r accepted e i t h e r t h a t most C e l t s were e i t h e r slain 
by Germanic i n v a d e r s or f l e d t o the west and to the 
n o r t h . A c c e p t i n g a C e l t i c i d e n t i t y f o r those areas would 
p u t us i n an extremely d i f f i c u l t p o s i t i o n i n t r y i n g t o 
e x p l a i n what became of the C e l t i c ' r a c i a l ' t r a i t s i n 
Gaul and c e n t r a l Europe, the o r i g i n a l focus of c e l t i s m . 
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s e l e c t i v e p ressures a g a i n s t 00 phenotypes (Sunder-
l a n d s , 1973) and d i f f u s i o n u j i t h o u t m i g r a t i o n not 
l u i t h s t a n d i n g . 
F i g u r e s U I I . 3 - 1 , U I I . 3 - 2 and \yiI.3-3 i l l u s t r a t e 
the d i s t r i b u t i o n of the ABO blood group system i n the 
t h r e e c o u n t r i e s . 
The s k i n p i g m e n t a t i o n of the Germanic and C e l t i c 
neujcomers can only be guessed by r e f e r e n c e t o t h e i r 
assumed modern descendants. C e l t s and Germans must 
have been l i g h t e r than most i n h a b i t a n t s of Spain and 
B r i t a i n , a t the time of t h e i r a r r i v a l l u i t h the poss-
i b l e e x c e p t i o n i n the B r i t i s h case of the p o p u l a t i o n 
of m e s o l i t h i c d e r i v a t i o n ( r i c h i n 0 and Rh-negative, 
v e r y poor i n , perhaps even absence of A and B ) . These 
ty p e s ujere i n I b e r i a r e p r e s e n t e d by the ancestors of 
the modern Basques, which s t i l l today are among the 
l i g h t e s t people i n the area, but luho - i n t h e i r 
s o u t h e r n h a b i t a t - luere presumably someiuhat darker 
t h a n the newcomers, .To the e x t e n t t h a t t h i s o u t l i n e 
may be c o r r e c t , s c a r c i t y of A might i n B r i t a i n be 
a s s o c i a t e d both w i t h l i g h t e r s k i n s ( t h e m e s o l i t h i c 
c o n t r i b u t i o n ) and p o s s i b l y darker s k i n s ( the neo-
l i t h i c c o n t r i b u t i o n ) , which i s indeed a c o m p l i c a t i o n , 
and u n i f o r m l y t o d a r k e r s k i n s i n Spain. In Sweden, 
i n c r e a s i n g A f r e q u e n c i e s from the c e n t r a l areas t o -
wards both the Lapp and the s o u t h e a s t e r n poles of 
h i g h A, p l u s the c o n t r i b u t i o n of B-enrichened F i n n i s h 
b l o o d ( r i c h i n A and M i n the e a s t , poorer ..westwards) 
t o c e r t a i n d i s t r i c t s of e a s t e r n Sweden ( f i g . V I . I - I O ) , 
a l s o tends t o obscure the s i t u a t i o n somewhat. This 
s e c t i o n of the work should thus r a t h e r be conducted 
on i n t r a - p r o v i n c i a l ( a t l e a s t i n t r a - r e g i o n a l ) b a s i s , 
so t h a t some c o n t r o l c o u l d be e x e r t e d on the nature 
and amount of e t h n i c elements i n t e r v e n i n g i n the p i c -
t u r e . The n a t u r e and s i z e of our samples, however, 
render t h a t k i n d of a n a l y s i s i m p o s s i b l e . Consequent-
l y , a s i m p l e r a n a l y s i s of v a r i a n c e w i t h sex and blood 
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Diitribulion of Ihe B gene in Sweden. 
? i g . T I I . 3 - 1 . D i B t r i b u t l o r . of the ABO 
blood groups i n Sweden, ( i f t e r Bectanan 
1959). 
Distribution of the A gene in Sweden. 
Dislribiiliuii of the 0 Kcne in Sweden. 
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P i g . 711.3-2. D i B t r i t u t i o n of 
the ABO t l o o a groups I n Spain. 
( A f t e r 7b118, 1975). 
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I I 3 7 
P i g . T i l . 5 - 3 . D i s t r i b u t i o n of 
the IBC blood groups i n B r i t a i n 
( A f t e r Kopec, 1970). 
3C4 
as o n l y f a c t o r s w i l l be performed on the data. 
Leaving aside the s m a l l e r groups, the r e s u l t s are 
as f o l l o w s f o r the t h r e e samples ( t a b l e s l/IT.3-1, 
M i l , 3 - 2 and 1/11.3-3). Among Swedes, possessors of 
phenotype 0 (84) are l i g h t e r than possessors of A 
( 1 0 7 ) . Since around 3/4 of the r e g i o n a l l y c l a s s i f i e d 
specimens come from Gotaland (and probably a very 
h i g h percentage of the u n c l a s s i f i e d ' s ancestry i s 
from t h e r e ) we are not i n f a c t too f a r away from an 
i n t r a - r e g i o n a l a n a l y s i s . Gdtaland i s a l s o p r a c t i c a l l y 
f r e e from r e c e n t non-Scandinavian admixture. A l l t h i s 
would make the r e s u l t s i n d i c a t e d above h i g h l y i n t e r e s t -
i n g i f they were s i g n i f i c a n t . They a r e , however, n o t . 
Nor are they f o r Spaniards e i t h e r ( t h e best f i g u r e , 
p=0.Q73) or f o r the B r i t i s h . Also among Spaniards, 
O-phenotypes possess l i g h t e r s k i n s than A-phenotypes 
(69 vs. 75 cas e s ) . Among the B r i t i s h , w i t h r a t h e r too 
s m a l l subgroups, the s i t u a t i o n i s r e v e r s e d . 
Since none of the r e s u l t s were s i g n i f i c a n t , the 
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Table T I I . 3 - 1 . A a s o c i a t i o n s between a k i n colour and the ABO 
blood groups i n Sweden. 
Legend. 
1. Blood groups; 
1 « A, 2 = B, 3 = AB, 4 e 0. 
2. Sex: 
1 c s a l e , 2 E female. 
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Table T I I . 5 - 2 , Asaociationa between akin colour and the ASO 
blood groups i n Spain. 
Legend. 
1. Blood groupa: 
1 = A, 2 = B, 3 = AB, 4 = 0. 
2. Sex: 
1 c Ba l e , 2 « female. 
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Table T I I . 3 - 2 . AaaociationB between a t t n colour and the ABO 
blood groups i n B r i t a i n . 
legend. 
1. Blood groups: 
1 = A, 2 =.B, 3 = AE, 4 = 0. 
2. Sex: 
1 = male, 2 = female. 
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\ y i l . 4 . C o r r e l a t i o n s between s t a t u r e and eye c o l o u r , h a i r 
0 
c o l o u r and ABO phenotypes. 
T h i s i s a t w i n s e c t i o n t o \ y i l . 2 and M i l . 3 , The 
p r i n c i p a l elements i n the p i c t u r e have already been 
i d e n t i f i e d . As everywhere e l s e , s i m i l a r p i g m e n t a t i o n 
f o r d i f f e r e n t a n t h r o p o l o g i c a l t y p e s , as i n f e r e d from 
s t u d i e s of both the l i v i n g and the dead, are o f t e n 
a s s o c i a t e d w i t h d i f f e r e n t m a n i f e s t a t i o n s of one and 
the same gene system. I n a country such as Spain, f o r 
i n s t a n c e , t h e a s s o c i a t i o n of very t a l l s t a t u r e and 
blondism of h a i r and eyes i n the same i n d i v i d u a l may 
w e l l be due t o chance r e c o m b i n a t i o n of a l l e l e s long 
ago d i s s o c i a t e d and u n i f o r m l y spread through the popu-
l a t i o n , but an e v e n t u a l repeated appearance of the 
phenomenon beyond e x p e c t a t i o n would demand another ex-
p l a n a t i o n . That most r e a d i l y a v a i l a b l e , although not 
n e c e s s a r i l y the o n l y one, would be t h a t some s p e c i f i c 
s t r a i n i s as y e t n o t t o t a l l y d i l u t e d i n the p o p u l a t i o n . 
The s i t u a t i o n i s i n p r a c t i c e , however, l e s s simple 
than t h a t , because s t a t u r e i s one of the most p l a s t i c 
of human t r a i t s and because of the presence of more 
than two r a c i a l elements i n the p i c t u r e . I n a d d i t i o n 
t h e r e e x i s t s the problem of the small samples. For the 
stan d a r d d e v i a t i o n i n f e r r e d f o r Swedes, f o r i n s t a n c e , 
from the f i r s t MCA ( m u l t i p l e c l a s s i f i c a t i o n a n a l y s i s ) 
f o r v a r i a b l e t a l l by eye and sex ( t a b l e \ / I I . 4 - 4 ) , f o r 
a d i f f e r e n c e between group means equal t o 0.03 being 
d e t e c t e d as s i g n i f i c a n t at the 0.05 l e v e l , group 
s i z e s should be i n the r e l a t i o n s h i p l/n.j + l/n2 = 2/717, 
and l/n^+l/n2=2/403 i f the d i f f e r e n c e i s 0.04 - as-
suming b i d i r e c t i o n a l i t y and homogeneity of vari a n c e 
across the groups. Two of the i n f i n i t e s o l u t i o n s ad-
m i t t e d by each e q u a t i o n are n.j=n2 = 717 and n^=n2 = 403 
r e s p e c t i v e l y , g r e a t e r than most of the group s i z e s a t 
our d i s p o s a l . 
For h e i g h t ' s c o r r e l a t i o n w i t h h a i r c o l o u r ( t a b l e s 
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\ y i l . 4 - 1 , \ / I I . 4 - 2 and \ / I I . 4 - 3 ) , the Spanish and 
B r i t i s h samples are i n t e r n a l l y remarkably homogeneous, 
e s p e c i a l l y when d i s r e g a r d i n g the sm a l l groups. Among 
Swedes, the t a l l e s t are those i n category 3 (medium 
l i g h t ) (n=397), and the s h o r t e s t ( d i s r e g a r d i n g two 
b l a c k - h a i r e d i n d i v i d u a l s ) are those i n category 4. 
D i f f e r e n c e s a r e , everywhere, n o n - s i g n i f i c a n t . 
For v a r i a b l e eye, ( t a b l e s \ y i I . 4 - 4 , \lll,U-5 and 
\ y i I . 4 - 6 ) , i n t e r n a l homogeneity i s also great among 
Spaniards and B r i t i s h and d i f f e r e n c e s are not s i g n i f i -
c a n t . T a l l e s t among Swedes are those w i t h l i g h t eyes 
(n=553). S i g n i f i c a n c e i s , however, not a t t a i n e d . 
Also f o r blood ( f i g . V I I . 4 - 7 , \/II.4-8 and UII . 4 - 9 ) 
the r e s u l t s are not s i g n i f i c a n t l y d i f f e r e n t . T a l l e s t 
among Swedes are those w i t h blood group A (n=112). 
Group s i z e s and r e l a t i v e d i f f e r e n c e s are even smaller 
among Spaniards and B r i t i s h , 
Thus, a l t h o u g h no s i g n i f i c a n t d i f f e r e n c e s i n s t a t -
ure were e l i c i t e d between c a t e g o r i e s of eye c o l o u r , 
h a i r c o l o u r and blood group phenotypes, i t must be 
borne i n mind t h a t some of the d i f f e r e n c e s observed 
among Swedes would have been s i g n i f i c a n t i f detected 
between b i g g e r - s i z e d groups. 
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Table V I I . 4 - 8 , Correlation between height and the ABO blood groups 
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\ y i l , 5 . H a i r c o l o u r , eye c o l o u r and b l o o d t y p e s . 
I n t a b l e U I I . 5 - 1 t h e r e s u l t s f r o m d i f f e r e n t c r o s s -
t a b u l a t i o n s , w i t h h a i r oi eye v e r s u s b l o o d as v a r i -
a b l e s , a r e shouin. Among Sujedes, and o c c a s i o n a l l y 
among S p a n i a r d s and t h e B r i t i s h as u u e l l , t h e r e a r e 
s i g n s o f a s s o c i a t i o n between eye's and h a i r ' s l i g h t e s t 
c a t e g o r i e s w i t h b l o o d g r o u p A, w h i l e t h e i r d a r k e s t 
c a t e g o r i e s w o u l d t e n d t o a s s o c i a t e w i t h g r o u p 0, S i g -
n i f i c a n c e i s n o t , however, a t t a i n e d . S u s p e c t i n g t h i s 
may be p a r t l y due t o s m a l l sample s i z e s and p e r h a p s 
t o t h e o f b l o o d g r o u p s B and AB, new c r o s s -
t a b u l a t i o n s were t r i e d j o i n i n g t o g e t h e r males and f e -
m a l e s and s u p p r e s s i n g g r o u p s B and AB, I n a d d i t i o n , 
t h e c o l o u r s o f h a i r and eyes were r e - g r o u p e d as d a r k • 
v e r s u s l i g h t , f o r h a i r , and d a r k p l u s m i x e d v e r s u s 
l i g h t , f o r e y e s . 
A f t e r t h a t , t h e t r e n d s ( t a b l e Mil,5-2) appear 
more c l e a r l y and a t t a i n s i g n i f i c a n c e among Swedes f o r 
h a i r - b l o o d ( p = 0 . 0 4 0 ) . E y e - b l o o d shows t h e same e x t r e m e 
k i n d o f p o l a r i t y , b u t c e l l f r e q u e n c i e s f o r d a r k and 
m i x e d e y e s were t o o low ( o n l y 23 c a s e s ) . For s i g n i f i -
c a n c e ( i f e x i s t i n g ) t o be d e t e c t e d when r e l a t i v e f r e -
q u e n c i e s f o r one c a t e g o r y a r e low i n t h e p o p u l a t i o n , 
e x t r a h i g h f r e q u e n c i e s i n t h e sample a r e r e q u i r e d . 
T h i s i s e s p e c i a l l y t r u e f o r Sweden and S p a i n , due t o 
t h e i r e x t r e m e l y p o l a r p o s i t i o n s i n a s c a l e o f pigmen-
t a t i o n , b u t even t h e g l o b a l s i z e o f t h e B r i t i s h sample 
i s d e f i n i t i v e l y t o o l o w . I t i s i n t e r e s t i n g t o s p e c u -
l a t e w h e t h e r g r e a t e r sample s i z e s w o u l d , as f o r b l o o d -
h a i r i n Sweden, have r e v e a l e d any s i g n i f i c a n t a s s o c i -
a t i o n s . I n o u r samples ( w i t h one o n l y e x c e p t i o n : 
B r i t i s h , h a i r - b l o o d ) , l i g h t hues o f eyes and h a i r are 
more o f t e n t h a n n o t a l i g n e d t o g e t h e r w i t h b l o o d g r o u p 
A, w h i l e d a r k hues a r e a l i g n e d p r e f e r e n t i a l l y w i t h 
b l o o d g r o u p 0, E x c e p t i n g t h e a l i g n m e n t A - l i g h t h a i r , 
h o w e v e r , i t i s n o t j u s t i f i e d t o speak o f any o t h e r a s-
s o c i a t i o n s a t t h e p o p u l a t i o n l e v e l . 
•we , un' tTA * ttrt\ n * u i 
0 / 4 ) ! ( 5 / 4 ) I ( 5 / 4 ) J V i L 
es « M l 
(V4) 
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( a f ) 
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8 ; r » m e t r i c laitbda / •, 
Sywnet r ie j m c e r t a i n t y c o e f f i c i e n t 
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F i g . T I I . 5 - 1 . AflBocletior.B between v a r i a b l e s eye, h a i r 
and b l o o d . 
Lepend. 
1. Since t h e d i B t r i h u t i o n o f f r e q u e n e i e e f a i l e d t o f u l -
f i l Cochran's r e c o o r e n d a t i o n s ( S i e g e l , 1956), t h e 
t e s t has n o t beer; used. I n s t e a d , t h e ? i s h e r t e s t has 
been u t i l i e e d w i t h e l l eases prtfducir.f; p r e a t e r la-bda 
and u n c e r t a i n t y coef f i c i e . n t B . Ae t h e r e s e a r c h e r was 
c o n t e n t t o uee B i p n i f i c a n c e l e v e l s r a t h e y than exact 
p-Talues, t h e procedure o u t l i n e d i n S i e g e l ' s book 
(pp. 9 S - 1 0 0 ) was f o l l o w e d . 
2. Whenever t h e P i s h e r t e s t was used t h e nua-ber o f cells 
had t o be reduced t o f o u r . That i n v o l v e d r e - a r r a n g i n g 
c a t e p o r i e s 1 and ? o f v a r i a b l e eye i n one ( d a r k ) and 
c a t e p o r i e s 5 and 4 i n t o B r o t h e r ( l i p h t ) . Ro new A r -
rar.peinent was four;d necessary f o r v a r i a b l e h a i r . ?or 
v a r i a b l e b l o o d , p h e r o t y r e 0 c o n s t i t u t e d a c l a s s , ? o r 
t h e o t h e r , two a l t e r n a t i v e s u b d i v l E i n n s were t r i e d : 
A and ICS ( E e x c l u d e d ) v s . A, AE and E . She l e v e l o f 
B i g n i f i c a n c e was i n each case h i g h e r t h a n 0 . 10 . Only 
i n one case was t h e second a l t e r n a t i v e found unprac-
t i c a l , B i n c e t h e F i s h e r t e s t demands t h a t B e h a l l be 
f. 30. (l-ar>;ed as • ) . 
3 . A l l l e v e l s o f B i p n i f i c a n c e are t w o - t s i l e d . 
B W » * A S w r k l o o a ( 5 / 4 ) ' 1 4 1 4 
h a i r 
99 ' SO . 
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Table V I I . 5 - 2 . A s s o c i a t i o n s between v a r i a b l e s eye, h a i r 
and b l o o d . (CateporieE r e - a r r a n p e d , blood groups AP and 
F e x c l u d e d ) . 
Legend. 
1. I!ye c o l o u r : 
1 = d a r k , 2 = EediuE end i i p f c t brown, 3 = c i x e d , 
i - g r e e n , g r e y , b l u e . 
2 . H a i r c o l o u r : 
1 = b l a c k , 2 = derk and nedlur. brown ( w i t h / w i t h o u t 
a r e d d i s h t i n t ' l , 3 = l i g h t brown, ash blond, blond 
r e d d i s h blond and darV: r e d , 4 = l i g h t blond, p l a -
t i n e b l o n d , a l b i n o , mediun t o l i p h t r e d . 
3 . Elood groups: 
1 = Aj ? = E; 3 = AE; 4 = 0 . 
4 . A l t h o u g h n o t i n the t a b l e , even t h e align-.ent o f 
c a t e r o r i e s 3 and 4 - f o r eyes - was t r i e d , w i t h o u t 
B i g n i f i c a n t r e s u l t s . 
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y i l , 6 . Comment 
I n t h e p r e c e d i n g s e c t i o n s some s i g n i f i c a n t 
c o r r e l a t i o n s betiueen p i g m e n t a t i o n o f t h e eyes, h a i r 
and s k i n , on t h e one hand, and b l o o d g r o u p s , on t h e 
o t h e r , have been d e t e c t e d . T h i s c h a p t e r c o u l d be 
f i n i s h e d t h e r e , as e v e r y t h i n g e l s e t o be s a i d must, 
n e c e s s a r i l y , be s p e c u l a t i v e , b u t s i n c e , i n a d d i t i o n 
t o t h e s i g n i f i c a n t a s s o c i a t i o n s , some t r e n d s o b s e r v -
ed l u i t h i n t h e samples b e a r ujhat c o u l d be c a l l e d a 
c o n s i s t e n t o r e x p e c t e d c h a r a c t e r , perhaps a m i n o r 
amount o f s p e c u l a t i o n s h o u l d be i n o r d e r . L e t us • 
summarize t h e s i t u a t i o n , p u l l i n g t o g e t h e r a l l s i g n i -
f i c a n t a s s o c i a t i o n s , as a b a s i s f o r f u r t h e r e l a b o r -
a t i o n . T h i s l e a v e s us o n l y l u i t h t h e S p a n i s h and t h e 
Su/edish samples t o luork o n , s i n c e t h e B r i t i s h d i d 
n o t sham any s i g n i f i c a n t a s s o c i a t i o n s . 
Among Stuedes, t h r e e g r o u p s have been p r o d u c e d : 
one uuith v e r y f a i r h a i r ( 4 ) and t h e l i g h t e s t s k i n . ( l ) , 
a n o t h e r u / i t h d a r k h a i r ( 1 , 2 ) and i n t e r m e d i a t e s k i n ( l l ) 
and a t h i r d with f a i r h a i r ( 3 ) and t h e d a r k e s t s k i n 
o f a l l t h r e e ( i l l ) . I n a d d i t i o n a p o s i t i v e c o r r e l a -
t i o n mas e l i c i t e d f o r u i a 9 w i t h t a l l ( g e n e r a l l y de-
c r e a s i n g p i g m e n t a t i o n l u i t h i n c r e a s i n g s t a t u r e ) , and 
an a s s o c i a t i o n between b l o o d g r o u p s 0 and A u i i t h r e -
s p e c t i v e l y d a r k and l i g h t h a i r c o l o u r s . 
E x t r a c t i n g s u p p o r t f r o m L u n d b o r g and L i n d e r s ' s u r -
vey among 47,000 young Su/edish m a l e s , Coon ( 1 9 3 9 ) 
s u g g e s t e d an a s s o c i a t i o n betu/een t a l l e s t s t a t u r e s , 
brown h a i r , l i g h t e y e s , s l i g h t l y l o w e r e d c e p h a l i c 
i n d e x and s l i g h t l y augmented f a c i a l i n d e x , w h i l s t 
among o t h e r f l a x e n h a i r a l i g n e d t o g e t h e r w i t h more 
m o d e r a t e s t a t u r e , m e s o c e p h a l i c head i n d e x and c o n -
v e x i t y o f n a s a l p r o f i l e w o u l d b e t r a y a subm rged 
n o n - F i n i s h b r a c h y c e p h a l i c e l e m e n t . F u r t h e r m o r e f r o m 
t h e s t u d y o f s k e l e t a l m a t e r i a l and o f t h e l i v i n g , he 
t e n t a t i v e l y a s s o c i a t e d t h e f i r s t t y p e w i t h t h e bearers 
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o f t h e Corded Ware c u l t u r e ( o r B a t t l e Axe c u l t u r e ) 
i n t o S c a n d i n a v i a , w h i l e t h e second one w o u l d r e v e a l 
t h e i n f l u e n c e o f t h e o l d b r a c h y c e p h a l i c p r e - C o r d e d 
p e o p l e , e s t a b l i s h e d a r o u n d t h e s o u t h w e s t e r n c o r n e r 
o f t h e B a l t i c . The f i r s t t y p e i s a r u g g e d s o r t o f 
o r i e n t a l M e d i t e r r a n e a n , c l o s e t o t h e t y p e f o u n d i n 
t h e B r i t i s h ' l o n g b a r r o w s ' . T h i s may be so, b u t t h e 
e x i s t e n c e o f an u n d e r l y i n g p a l e o - m a s o l i t h i c compo-
n e n t i n t h e p o p u l a t i o n o f c e n t r a l and - p r e s u m a b l y • 
- s o u t h e r n Sweden, r a t h e r s u g g e s t s t h a t t h i s i s 
t h e e l e m e n t r e s p o n s i b l e f o r t h e a s s o c i a t i o n s o b s e r v -
ed by Coon^''^, The a v a i l a b l e e v i d e n c e - as p r e -
s e n t e d by Coon ( 1 9 3 9 ) , Lundman (-1946, 1952) and 
Beckman ( 1 9 5 9 ) - seems t o i n d i c a t e t h a t t h e F a l e o -
M e s o l i t h i c S c a n d i n a v i a n h u n t e r s became submerged by 
t h e s p r e a d n o r t h w a r d s o f t h e N e o l i t h i c f a r m e r s , 
l e a v i n g o n l y a f e w p o c k e t s o f m i x e d d e s c e n d a n t s i n 
i s o l a t e d r e f u g e a r e a s . Such d i l u t e d e l e m e n t ( w i t h 
o r w i t h o u t c omponents o f M e d i t e r r a n e a n e x t r a c t i o n ) 
i s i d e a l f o r f i l l i n g up o u r d a r k - h a i r e d , 0-pheno-
t y p e d c l a s s . I n d e e d , 0 - p h e n o t y p e s seem t o be ende-
mic w i t h i n M e d i t e r r a n e a n p o p u l a t i o n s whenever t h e y 
a r e l e f t i n r e l a t i v e i s o l a t i o n . The e x i s t e n c e i n 
c e n t r a l S c a n d i n a v i a o f t h e s o - c a l l e d T y d a l t y p e -
( B r y n , 1921). d a r k , t a l l and v e r y heavy, d o l i c h o -
. c e p h a l i c , b r o a d f a c e d , l a t e r a l l y b u i l t , s t r o n g l y 
s u g g e s t i n g C r o m a g n o n : a f f i n i t i e s - e x e m p l i f i e s what 
t h o s e M e s o l i t h i c p o p u l a t i o n s must have l o o k e d l i k e . 
A l t h o u g h t h e d i f f e r e n c e s do n o t a t t a i n s i g n i f i c a n c e , 
i n d i v i d u a l s w i t h d a r k h a i r a r e among t h e t a l l e s t i n 
t h e Swedish sample (175 c a s e s ) , and t h e same goes 
f o r i n d i v i d u a l s w i t h d a r k eyes ( o n l y 63 c a s e s ) . 
A more c o m p l i c a t e d t a s k i s t h a t o f s u g g e s t i n g an 
i d e n t i t y f o r o u r two l i g h t - h a i r e d c l a s s e s . An imme-
( l ) The e x i s t e n c e o f t h e T y d a l t y p e seems t o have been 
• unknown t o Coon at. t h e t i m e o f h i s w r i t i n g - "The 
ra c e s , o f E u r o p e " , 
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d i a t e t h o u g h t i s t h a t N o r d i c e l e m e n t s o f t h e Gdta 
v a r i e t y (Coon's Q s t e r d a l t y p e ) and A p h e n o t y p e s a r e 
o v e r - r e p r e s e n t e d w i t h i n c l a s s I , b u t i n t h e absence 
o f more s u b s t a n t i a l a s s o c i a t i o n s i t i s u s e l e s s t o 
s p e c u l a t e any f u r t h e r . 
I n no more t h a n t h r e e g e n e r a t i o n s , S c a n d i n a v i a 
has e v o l v e d f r o m b e i n g one o f t h e most r e t a r d e d 
a r e a s i n Europe t o one o f t h e most u n i f o r m l y p r o -
s p e r o u s i n t h e w o r l d . Under t h o s e c i r c u m s t a n c e s , i t 
i s • n o wonder t h a t i n c o m p l e t e l y a b s o r b e d r e m a i n s o f 
v e r y a n c i e n t human g r o u p s w o u l d have p e r s i s t e d i n , 
what was d u r i n g M e s o l i t h i c t i m e s a g i g a n t i c r e f u g e 
a r e a . The a v e r a g e f a c i a l o u t l o o k o f S c a n d i n a v i a n s 
t o d a y must be owed i n no s m a l l e x t e n t t o i n t e n s i v e 
m i s c e g e n a t i o n - ^ d u r i n g p r e h i s t o r i c t i m e s w i t h more mo-
d e r n l o o k i n g p o p u l a t i o n s o f a m e d i t e r r a n o i d s k e l e t a l 
t y p e , w h i c h p r e s u m a b l y o u t n u m b e r e d them i n t h e l o n g 
r u n . A p a r t f r o m t h e T y d a l g r o u p , a n o t h e r t y p e o f 
b r o a d - f a c e d , e x t r e m e l y heavy b u i l t i n d i v i d u a l has 
been r e p o r t e d as p r e d o m i n a n t i n c e r t a i n l o c a l i t i e s 
a l o n g t h e s o u t h w e s t e r n c o a s t o f Norway ( A r b o , 1 9 0 6 ) . 
T h i s i s a b l o n d , e x t r e m e l y b r a c h y c e p h a l i c and, f o r 
S c a n d i n a v i a n s t a n d a r d s , m o d e r a t e l y t a l l t y p e ( t h e 
J a e r e n t y p e ) w h i c h Coon s u g g e s t s i s t o be r e l a t e d t o 
t h e s o u t h w e s t e r n B a l t i c f o c u s o f r o u n d - h e a d e d n e s s . 
What can t h e p i g m e n t a t i o n o f t h e s e p o p u l a t i o n s 
have been l i k e ? 
The T y d a l t y p e , a l t h o u g h s t r i k i n g l y d a r k e r t h a n i t s 
n e i g h b o u r s ( w h i c h i n Norway r e s e m b l e i n some r e -
s p e c t s t h e s o u t h w e s t e r n b r a c h y c e p h a l s ) , has 57.5 
p e r c e n t o f d a r k h a i r and 25,6 per c e n t o f d a r k 
e y e s , and t h e b l o n d b r a c h y c e p h a l s f r o m s o u t h w e s t e r n 
Norway (Zlaeren t y p e ) a r e o n l y s l i g h t l y l e s s f a i r 
t h a n t h e few d o l i c h o c e p h a l s f r o m t h e same r e g i o n . 
I n I r e l a n d , Coon f o u n d t h a t , t o w a r d s t h e west and 
s o u t h w e s t , where t h e maximum c o n c e n t r a t i o n s o f 
C r o m a g n o i d - l i k e t r a i t s e x i s t i n t h e p o p u l a t i o n , a 
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w h o l e s e r i e s o f m e t r i c i n d i c e s and f r e q u e n c i e s 
augment: c e p h a l i c i n d e x , b r e a d t h o f f a c e and l o w e r 
j a w , heavy b r o w r i d g e s , l a t e r a l i t y and h e a v i n e s s o f 
body b u i l t , s t a t u r e , p a l e n e s s and f r e c k l i n g o f s k i n , 
s l i g h t l y d a r k e r h a i r and eyes. S u n d e r l a n d e t a l . 
( 1 9 7 3 ) f o u n d f o r s k i n c o l o u r i n w e s t e r n , s o u t h -
w e s t e r n and s o u t h e a s t e r n I r e l a n d a s i t u a t i o n r a t h e r 
s i m i l a r t o t h a t exposed by Coon. The e v i d e n c e f o r 
b l o o d g r o u p s shows good agreement w i t h t h e s u g g e s t e d 
P a l e o - M e s o l i t h i c d e s c e n t o f t h e s e t y p e s f o r pheno-
t y p e 0, l e s s so f o r o t h e r s (Rh~, B) ( S u n d e r l a n d e t 
a l . , 1 9 7 3 ) , F r e q u e n c i e s o f up t o 60 per c e n t f o r 
O - p h e n o t y p e s ( r « 0.775) have been r e p o r t e d f o r t h e 
h i g h l a n d n a t i v e s ( " o l d Norse" f a r m e r s ) f r o m s o u t h e r n 
Norway (Casey e t a l , 1 9 6 6 ) , where s e v e r a l i n v e s t i g a -
t o r s have f e l t t h e r e was a submerged P a l a e o l i t h i c 
s t r a i n , and Beckman and M & r t e n s s o n ( 1 9 5 8 ) have de-
t e c t e d i n c r e a s e d g e n o t y p i c f r e q u e n c i e s o f up t o 69 
per .cent i n c e r t a i n p a r i s h e s o f D a l a r n a ( D a l e c a r l i a ) , 
w here e x t e n s i v e c o n c e n t r a t i o n o f T y d a l t y p e s o c c u r . 
I n I r e l a n d ^ where f r e q u e n c y o f 0 i n c r e a s e s w e s t -
w ards and s o u t h w e s t w a r d s , p r o p o r t i o n s o f O-pheno-
t y p e s b o r d e r i n g on 70 per c e n t ( r « 0»83) have been 
o b s e r v e d a t d i f f e r e n t p a r t s i n S l i e v e t o u g h e r , 
(among " o l d I r i s h " f a r m e r s ) perhaps t h e most i s o l a t e d 
a r e a o f t h e s o u t h w e s t (Casey e t a l , , 1 9 6 3 ) , Rh* and 
B a l s o i n c r e a s e w e s t w a r d s , w h i c h does n o t f i t v e r y 
w e l l i n t h e g e n e r a l p i c t u r e . No d e t a i l e d e x p l a n a t i o n 
has been advanced f o r i t . 
I n n o r t h c e n t r a l Norway,and-, e s ^ p a c i - a l l y , t h e 
m o u n t a i n s o f t h e s o u t h , where t h e p a l e o - m e s o l i t h i c 
c u l t u r a l t r a d i t i o n made i t s most l o n g l a s t i n g s t a n d , 
m e t r i c a l l y a r c h a i c ' t r a i t s a r e. a 1 s 0 u n i f o r m l y d i s t r i -
b u t e d t h r o u g h o u t t h e two r e g i o n s . At t h e same t i m e 
l i g h t p i g m e n t a t i o n r e a c h e s some o f i t s h i g h e s t peaks 
i n S c a n d i n a v i a , Coon, a f t e r c o m p a r i n g t h e d a t a on 
11,800 N o r w e g i a n men w i t h t h o s e f r o m L u n d b o r g and 
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L i n d e r s on 47,000 S w e d i s h men, c o n c l u d e d t h a t Nor-
w e g i a n s a r e l i g h t e r h a i r e d t h a n Swedes. Lundman 
( 1 9 4 0 ) i s o f t h e same o p p i n i o n f o r h a i r c o l o u r , 
a l t h o u g h n o t f o r eye c o l o u r (where t h e r e v e r s e 
s h o u l d be v a l i d ) . I n t h e l i g h t o f a l l t h i s , i t would 
seem t h a t b l o n d i s m o f i r i s and even h a i r may be a 
v e r y a n c i e n t c o n d i t i o n i n S c a n d i n a v i a , p r o b a b l y 
a n t e d a t i n g t h e a p p e a r a n c e o f t h e N o r d i c t y p e , 
w h i c h i s h a r d l y u n e x p e c t e d . W i t h them one would ex-
p e c t an e q u a l l y c o n s i d e r a b l e a n t i q u i t y , a t l e a s t , 
f o r v e r y l i g h t s k i n s , when c o n s i d e r i n g i t s a d a p t i v e 
r o l e under c o n d i t i o n s o f poor U W - r a d i a t i o n . No r o l e 
o f any k i n d i s known f o r t h e c o l o u r o f t h e h a i r , 
however, w h i c h , t o a g r e a t e x t e n t seems m e r e l y t o 
f o l l o w g e n e t i c a l l y w i t h p i g m e n t a t i o n of' t h e s k i n . 
For eye c o l o u r t h e r e i s e v i d e n c e o f i n c r e a s e d s e n s i -
t i v i t y o f v i s i o n a t t h e l o n g w a g e l e n g t h end o f t h e 
s p e c t r u m w i t h d e c r e a s i n g f u n d u s p i g m e n t a t i o n (Dodt 
e t a l . , 1 9 5 9 ) , G l a c i a l c o n d i t i o n s must have p r o v i d e d 
a s u p e r a b u n d a n c e o f s t i m u l u s f o r e v o l u t i o n t o a c t on 
p i g m e n t a t i o n o f s k i n and eyes. S e l e c t i v e p r e s s u r e s 
must t h e n have been mach strQng:e^r .than^ now, and t h e 
a l l e l e s f o r b l o n d i s m and r u f o s i t y a r e v e r y l i k e l y t o 
have become common d u r i n g t h e Wurm g l a c i a t i o n . They 
may, i n d e e d , be even o l d e r , and have p a r t i a l l y or 
t o t a l l y d i s a p p e a r e d d u r i n g some o f t h e warmer i n t e r -
g l a c i a l s b e f o r e , b u t s i n c e o n l y d u r i n g t h e l a s t 
g l a c i a t i o n d i d man r e a l l y p e n e t r a t e d d e e p l y and p e r -
s i s t e n t l y t h e g l a c i a l e n v i r o n m e n t , i t seems most 
l i k e l y t h a t b l o n d i s m i s n o t o l d e r t h a n t h e b e g i n n i n g 
o f Wurm I ( a r o u n d 80,000 y e a r s a g o ) . Once i t appeared 
i t s a t t a i n i n g o f t h e l e v e l we know t o d a y must have 
t a k e n a v e r y l o n g t i m e and have p r o c e e d e d v e r y d i f -
f e r e n t l y f o r s e p a r a t e p o p u l a t i o n s , i n d e p e n d e n t l y o f 
t h e i r m u t u a l d e g r e e o f r e l a t i o n s h i p . 
G e n e t i c e x c h a n g e , b u t a l s o i n b r e e d i n g , f o u n d e r 
e f f e c t and g e n e t i c d r i f t t o g e t h e r w i t h d i f f e r e n t i a l 
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s u r v i v a l , o p e r a t i n g on s m a l l bands and f a m i l i a l 
g r o u p s must have been a t i t s p r i m e , g i v i n g e v o l u -
t i o n f o r a l o n g p e r i o d a p r e d o m i n a n t l y e r r a t i c c h a r -
a c t e r . T h a t and l a t i t u d e w o u l d e x p l a i n t h e a p p a r e n t -
l y much l e s s e f f i c i e n c y o f t h e B r i t i s h I s l e s and 
I r e l a n d as d e p i g m e n t a t i o n f o c i when compared w i t h 
t h e n o r t h European f o c u s a t l e a s t i n t e r m s o f p i g -
m e n t a t i o n o f t h e h a i r . T hrough i n t e r b r e e d i n g and 
p r o x i m i t y t o g l a c i a t e d a r e a s w i t h s i m i l a r c l i m a t i c 
p r e s s u r e s , d e p i g m e n t a t i o n and a l l e l e s f o r b l o n d i s m 
and r u f o s i t y must have been r e l a t i v e l y common by t h e 
end o f t h e g l a c i a l i n many a r e a s o f Europe and even 
o u t s i d e . One o f t h o s e a r e a s may v e r y w e l l have been 
t h e p l a i n s t r e t c h i n g between s o u t h e r n R u s s i a and t h e 
C a s p i a n Sea, f r o m where t h e Corded p e o p l e seems t o 
have come, b u t i n t h e l i g h t o f our p r e s e n t k nowledge 
on t h e l i n k s between c l i m a t o l o g y and p i g m e n t a t i o n i t 
i s u n l i k e l y t h a t t h i s has been a more i m p o r t a n t 
c e n t r e t h a n t h e S c a n d i n a v i a n one. One w o u l d r a t h e r 
e x p e c t t h e p r e - N o r d i c i n h a b i t a n t s o f S c a n d i n a v i a t o 
be l i g h t e r t h a n t h o s e c o m i n g a f t e r w a r d s . The T y d a l 
t y p e , h o wever, l e n d s i n c o n v e n i e n t s u p p o r t f o r t h e 
o p p o s i t e h y p o t h e s i s . S i n c e b l o n d and b l u e - e y e d i n -
d i v i d u a l s a r e f a r f r o m m i s s i n g i n T y d a l and t h e d i s -
t r i c t has r e m a i n e d r e l a t i v e i s o l a t e d d u r i n g p o s s i b l y 
most o f i t s m i l l e n i u m o f l i f e , p e r h a p s some demo-
g e n e t i c a g e n t s c o u l d be i n v o k e d t o e x p l a i n some o f 
t h e anomalous c h a r a c t e r i s t i c s t h e r e . U n f o r t u n a t e l y , 
i n f o r m a t i o n on any d e m o g r a p h i c f a c t o r s i s r a t h e r 
p o o r i n t h e a r t i c l e s r e p o r t i n g on t h i s t y p e i n e i t h e r 
Sweden or Norway ( i n 1921 t h e T y d a l d i s t r i c t c o n -
t a i n e d some 800 p e r s o n s ) . I n a d d i t i o n , t h e r e a r e more 
t h a n one T y d a l - l i k e v i l l a g e s . U n t i l more e x t e n s i v e 
r e s e a r c h i s c o n d u c t e d on t h e p o s s i b l e c o n n e c t i o n s be-
t w e e n p r i m i t i v e m e t r i c a l t r a i t s , s e l e c t e d s e r o l o g i c a l 
m a r k e r s and p i g m e n t a t i o n o f s k i n , h a i r and e y e s , p r e -
f e r e n t i a l l y combined w i t h i n t e r d i s c i p l i n a r y s t u d i e q 
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on o t h e r f i e l d s r e l a t e d t o t h e s u b j e c t , two t e m p t a -
t i v e e x p l a n a t i o n s can be o f f e r e d : 
l ) Among t h e k i n o f t h e o l d e s t S c a n d i n a v i a n s , whose 
h u n t e r - g a t h e r e r economy f o r c e d them i n t o s m a l l e r 
d e m o g r a p h i c u n i t s , s p r e a d o f new a l l e l e s must 
have p r o c e e d e d i n a most e r r a t i c way: some g r o u p s 
w o u l d r e t a i n most o f t h e o r i g i n a l d a r k pigmen-
t a t i p n , w h i l e i n o t h e r s d e p i g m e n t a t i o n would p r o -
ceed a t a s t o n i s h i n g speed. Among t h e newcomers, 
on t h e o t h e r hand, whose f o o d - p r o d u c i n g economies 
a l l o w e d them t o be much more g r e g a r i o u s , d e p i g -
m e n t a t i o n ( p r o b a b l y a l r e a d y under way i n t h e i r 
E u r a s i a t i c h o m e l a n d ) w o u l d be a c c e l e r a t e d i n t h e i r 
new h a b i t a t , and p r o c e e d a t an i n t e r m e d i a t e speed 
b u t i n a more s t e a d y f a s h i o n . More f r e q u e n t gene 
f l o w between t h e g r o u p s w o u l d p r e v e n t them f r o m 
f o r m i n g i s o l a t e s i n t h e same e x t e n t as t h e i r l e s s 
p r i v i l e g e d n e i g h b o u r s , and h e l p e d , t h e m t o e v o l v e 
more, s y n c h r o n o u s l y . W i t h t i m e t h e y may have c a u g h t 
up w i t h most o f t h e f a i r e s t g r o u p s among t h e o l d 
s t r a i n and, w i t h t h a t as w e l l as by i n t e r b r e e d i n g 
w i t h them, d i f f e r e n c e s w i t h r e s p e c t t o t h e o l d e s t 
i n h a b i t a n t s must have evened o u t i n many p l a c e s . By 
t h e n , d i f f e r e n t c o m p l e t e d f e r t i l i t y r a t e s must have 
g i v e n them n u m e r i c a l a d v a n t a g e w i t h r e s p e c t t o a l l 
m e s o l i t h i c and s u b - n e o l i t h i c g r o u p s , b u t n o t w i t h 
r e s p e c t t o t h e b e a r e r s o f t h e E a r l y N e o l i t h i c c u l -
t u r e w i t h whom, o w i n g t o g e o g r a p h i c a l and c u l t u r a l 
p r o x i m i t y , t h e y e x t e n s i v e l y i n t e r m i n g l e d . By t h e 
l a t e N e o l i t h i c t h e r e a r e no s e p a r a t e r e m a i n s f r o m 
any o f t h e two N e o l i t h i c c u l t u r e s and t h e most d i s -
t i n c t i v e t r a i t o f t h e Corded Ware c u l t u r e , t h e 
b a t t l e axe, has d i s a p p e a r e d . I n t h e l o n g r u n , o n l y 
some r e s i d u a l e n c l a v e s ( l i k e T y d a l ) w i t n e s s t o d a y 
t h e a n c i e n t o r i g i n a l d i v e r s i t y . Perhaps o t h e r T y d a l -
l i k e e n c l a v e s , b u t w i t h f a i r p i g m e n t a t i o n , have van-
i s h e d w i t h o u t n o t i c e i n t h e n o t - t o o - d i s t a n t p a s t . I n -
deed, t h e n as now, p r e j u d i c e s a g a i n s t t h e ' d e v i a n t s ' 
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and p o s i t i v e a s s o r t a t i v e m a t i n g may. have p l a y e d a 
r o l e i n d e c i d i n g t h e f a t e o f more t h a n one i s o -
l a t e , The e x i s t e n c e i n t h e i n l a n d v a l l e y s o f 
s o u t h w e s t e r n Norway o f an e x t r e m e l y d e p i g m e n t e d 
p o p u l a t i o n (Coon, 1 9 3 9 ) , w h i c h m e t r i c a l l y r e -
sembles t h e c e n t r a l European Cromagnoid f o r m s , 
w i t h , v e r y h i g h f r e q u e n c i e s o f b l o o d group 0 
genes (Casey, 1966) speaks f o r t h i s p o s s i -
b i l i t y . 
2) T h e r e may be some u n n o t i c e d e c o l o g i c a l f a c t o r 
f o r t h e optimum d e p i g m e n t a t i o n c e n t r e t o l i e i n 
t h e p a s t f u r t h e r away f r o m t h e g l a c i a l b o r d e r 
t h a n t h e n o r t h c e n t r a l European home, f r o m where 
S c a n d i n a v i a ' s ( a n d B r i t a i n ' s ) f i r s t i n h a b i t a n t s 
must have come. I n d e e d , t h e Lapps - who have 
l i v e d i n t h e n o r t h e r n m o s t p a r t o f t h e r e g i o n 
s i n c e a t l e a s t 2,000 y e a r s ( p e r h a p s much l o n g e r ) 
- a r e s t i l l t o d a y a f t e r c e n t u r i e s o f mi s c e g e n -
a t i o n w i t h t h e i r s o u t h e r n n e i g h b o u r s , a c c o r d i n g 
t o o l d e r s u r v e y s , d a r k e r h a i r e d , eyed and 
s k i n n e d t h a n them (Coon, 1 9 3 9 ) , P r e s u m a b l y , how-
e v e r , a p o p u l a t i o n o f l i g h t - e y e d h u n t e r s w o u l d 
e v o l v e more f a v o u r a b l y u n d e r damp-cold c o n d i t i o n s 
^ n a r i t i m e , c l o u d y , l e s s a b u n d a n t s n o w f a l l ) t h a n 
u n d e r d r y - c o l d c o n d i t i o n s ( c o n t i n e n t a l , s u n n i e r , 
l o n g e r l a s t i n g snow c o v e r ) , as t h e r e f l e c t i o n o f 
l i g h t on snow and i c e i s p a r t i c u l a r l y a s t r a i n 
t o d e p i g m e n t e d e y e s , e s p e c i a l l y i n n o r t h e r n 
l a t i t u d e s w h e r e , o w i n g t o t h e low a n g u l a r e l e v -
a t i o n o f t h e s u n , r e f l e c t e d l i g h t i s f r o n t a l l y 
i n c i d e n t a l t o t h e eye. T h i s m i g h t e x p l a i n t h e 
r e c u r r e n c e o f p r e d o m i n a n t l y d a r k - e y e d p o p u l a t i o n s 
a l l a l o n g t h e A r c t i c c i r c l e and i m m e d i a t e l y s o u t h 
o f i t . The p e r i g l a c i a l t e r r i t o r i e s i n h a b i t e d by 
l a t e P a l e o l i t h i c man i n c e n t r a l Europe had mean 
J u l y t e m p e r a t u r e s b e t w e e n 5 and 10°C (33 t o 50°F) 
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( W a t e r b o l k , 1972) f u l l y w i t h i n t h e r a n g e o f v a r i -
a t i o n f o u n d nowadays i n t h e n o r t h e r n Norwegian 
t u n d r a f o r t h e same month. Thus, r a d i a l l y away 
f r o m t h e g l a c i a l b o r d e r t h e r e may have been one 
o r s e v e r a l d e p i g m e n t a t i o n c e n t r e s , w h i c h p r o -
g r e s s i v e l y s h i f t e d n o r t h w a r d s w i t h t h e r e c e s s i o n 
o f g l a c i a l c o n d i t i o n s . Among t h e p o p u l a t i o n s 
t h a t d i d n o t m i g r a t e w i t h them, t h r o u g h m i s c e g e -
n a t i o n w i t h d a r k e r e l e m e n t s and r e l a x a t i o n o f 
s e l e c t i v e p r e s s u r e s , genes f o r d a r k e r pigmen-
t a t i o n s became i n c r e a s i n g l y more f r e q u e n t , a t 
t h e same t i m e as d e p i g m e n t a t i o n was m a i n t a i n e d o r 
even p r o g r e s s e d i n more n o r t h e r l y l a t i t u d e s . 
Those c e n t r e s may have been a t a d i s t a n c e f r o m 
t h e g l a c i a l b o r d e r c o m p a r a b l e w i t h t h a t e x i s t i n g 
b e tween s o u t h e r n S c a n d i n a v i a and t h e n o r t h e r n 
modern S c a n d i n a v i a n t u n d r a , w h i c h w o u l d t a k e us 
t o t h e M e d i t e r r a n e a n and, a g a i n , t h e a r e a around 
t h e n o r t h e r n p a r t o f t h e C a s p i a n and a d j a c e n t 
t e r r i t o r i e s . A l t h o u g h t h e s e r e g i o n s a r e n o t spe-
c i f i c a l l y b l o n d and l i g h t eyed nowadays ( f i g . 
U I I , 6 - l ) , h i s t o r i c a l r e f e r e n c e s and i n d i r e c t 
e v i d e n c e s u g g e s t s t h a t a t l e a s t t h e second one 
may have been t h a t i n t h e d i s t a n t p a s t , w h i l e 
t h e r e a r e a l s o s u g g e s t i o n s t h a t by t h e dawn o f 
E g y p t i a n h i s t o r y , b l o n d i s m i n t h e A f r i c a n s h o r e s 
o f t h e M e d i t e r r a n e a n was w i d e l y s p r e a d o u t s i d e 
i t s modern b o u n d a r i e s , as p r o b a b l y w i t n e s s e d by 
E g y p t i a n p a i n t i n g s . 
I t i s l i k e l y t h a t f a i r p i g m e n t a t i o n was more 
e x t e n s i v e among C a u c a s o i d s i n t h e p a s t , S c y t h i a n s , 
S l a v s , Germans and even C e l t s a p p e a r e d f a i r t o 
t h e eyes o f Greeks and Romans, The o l d Chinese 
c h r o n i c l e r s d e s c r i b e d t h e H i u n g n u and o t h e r b a r -
b a r i a n s t r i b e s i n h a b i t i n g t h e w e s t e r n marches o f 
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h a i r , N o n - M o n g o l o i d S i b e r i a n p o p u l a t i o n s s t i l l 
c o n t a i n a s l i g h t p r o p o r t i o n o f b l o n d i s m as do t h e 
U g r o - F i n n i c s p e a k e r s o f R u s s i a , But f o r t h e most 
p a r t , b l o n d i s m ( e s p e c i a l l y o f t h e h a i r ) seems t o 
have r e c e d e d t o w a r d s t h e n o r t h and w e s t , f r o m a 
t e r r i t o r y e x t e n d i n g f r o m E a s t e r n T u r k e s t a n and 
t h e Upper l e n i s e i - a c r o s s m i d d l e - l a t i t u d e 
Europe - p o s s i b l y as f a r as t h e A t l a n t i c , The ex-
p l o s i v e e x p a n s i o n o f m o n g o l o i d mounted nomads- i s 
u s u a l l y t h e a c c e p t e d e x p l a n a t i o n , b u t s t e a d y r e -
t r e a t o f t h e e c o l o g i c c o n d i t i o n s a s s o c i a t e d t o 
t h e s p r e a d o f d e p i g m e n t a t i o n , and r e l a x a t i o n o f 
s e l e c t i v e p r e s s u r e s owing t o c u l t u r a l advancement, 
may have p l a y e d a s i g n i f i c a n t r o l e . Wherever t h e 
e c o l o g i c optimum f o r d e p i g m e n t a t i o n may have been 
l o c a t e d i n t h e p a s t , S c a n d i n a v i a - and t o a l e s s e r 
e x t e n t , F i n l a n d - seem t o be i t s p r e s e n t c e n t r e . 
P r e s u m a b l y , the" g l a c i a l m o r a i n e s c o r r e s p o n d spa-
t i a l l y t o t h e s u c c e s s i v e s t a g e s i n t h e e v o l u t i o n 
o f t h e a n c i e n t c e n t r e . 
For S p a i n , i t was f o u n d t h a t t h o s e w i t h t h e 
l i g h t e s t h a i r a l s o have t h e l i g h t e s t s k i n s . 
C a t e g o r y 4 ( l i g h t b l o n d and medium r e d u p w a r d s ) 
i s , h o w e v e r , m i s s i n g . M i x e d and l i g h t eyes a r e 
a l s o s i g n i f i c a n t l y a s s o c i a t e d w i t h l i g h t e r s k i n s , 
w i t h p o s s e s s o r s o f m i x e d eyes l i g h t e r t h a n t h o s e 
w i t h l i g h t e y es ( a l t h o u g h n o t s i g n i f i c a n t l y s o ) . 
No more s i g n i f i c a n t a s s o c i a t i o n s c o u l d be d i s -
c o v e r e d . I t i s , however, l i k e l y t h a t a more ex-
t e n s i v e s u r v e y w o u l d p r o d u c e some i n t e r e s t i n g 
r e s u l t s on a r e g i o n a l b a s i s . 
I n a c o u n t r y such as S p a i n , w i t h such marked 
c l i m a t i c c o n t r a s t s between seasons and between 
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d i s t r i c t s , t h e a f o r e m e n t i o n e d a s s o c i a t i o n s are 
l i k e l y t o be d r a m a t i c a l l y u p s e t w i t h i n more t h a n 
one g e o g r a p h i c a r e a . Two such a r e a s become ap-
p a r e n t f r o m t h e d a t a c o l l e c t e d by SSnchez 
FernSndez ( 1 9 1 2 ) , One e x t e n d s between t h e c e n t r a l 
P y r e n e e s and t h e Guadarrama S i e r r a , a c r o s s h i l l 
c o u n t r y and t h e n o r t h e r n p a r t o f t h e Ebro Depres-
s i o n , The o t h e r i n c l u d e s t h e n a r r o w c o a s t a l p l a i n s 
o f A l m e r i a and Malaga p l u s t h e B e t i c m o u n t a i n s 
s t r e t c h i n g b e h i n d them i n t o t h e p r o v i n c e o f Gra-
nada, The l o w e s t m o u i n t a i n s a r e i n t h e s o u t h e r n 
p a r t o f t h e n o r t h e r n zone ( a v e r a g e 5,000 f t ) and, 
e x c l u d i n g t h e h i g h e s t t o p s , a n n u a l r a i n f a l l a v e r -
ages v a r y w i t h i n b o t h r e g i o n s between 12 and 40 
i n c h e s , w i t h r o u g h l y one f o u r t h o f t h e A n d a l u s i a n 
r e g i o n h a v i n g u n d e r 12 i n c h e s . These a r e , a c c o r d -
i n g t o SSnchez's s u r v e y , two o f t h e d a r k e s t s k i n -
ned a r e a s i n S p a i n , At t h e same t i m e , t h e y r u n 
t h r o u g h two a r e a s w i t h a r e l a t i v e abundance o f 
l i g h t e r hues o f h a i r and i r i s ( s p e c i a l l y t h e 
n o r t h e r n o n e ) . When c o n s i d e r i n g t h e l i m i t e d r e -
s o u r c e s a t t h e d i s p o s a l o f t h e a n t h r o p o l o g i s t a t 
t h e b e g i n n i n g o f t h e c e n t u r y , i t i s t o be hoped 
t h a t t h e s e o b s e r v a t i o n s a r e re-made w i t h t h e a i d 
o f more s o p h i s t i c a t e d t e c h n i c a l means. 
A l t h o u g h t h e i n v a s i o n s o f I n d o - E u r o p e a n speak-
e r s a f t e r 750 B,C,, and p e r h a p s even e a r l i e r 
( A r r i b a s , 1 9 6 5 ) , must have c o n t r i b u t e d t o i n -
c r e a s i n g l i g h t p i g m e n t a t i o n s i n t h e c o u n t r y , i t 
i s e x t r e m e l y d i f f i c u l t t o e v a l u a t e t h e i r i m p o r t -
ance. To a g r e a t e x t e n t , however, many o f t h e 
a r e a s most i n t e n s i v e l y s e t t l e d by them f a l l o u t -
s i d e t h e a r e a s w i t h a maximum o f l i g h t l y p i g -
mented h a i r and e y e s : s u c h i s t h e case o f t h e 
Meseta, I f n o t , t h e y o f t e n s e t t l e d i n a r e g i o n 
w h i c h was a l r e a d y d e n s e l y p o p u l a t e d : t h a t i s t h e 
case o f t + i B G a l a i c n o r t h w e s t and t h e d i s t r i c t s 
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l u i t h i n ujestern and so u t h e r n I b e r i a ujhich the 
C e l t s p e n e t r a t e d . The east and the n o r t h e a s t 
mere l e f t m ainly untouched, except f o r the 
r o u t e s l e a d i n g from t he Pyrenean passes i n t o 
t h e c o u n t r y . T h i s l o c a l l y a f f e c t e d eastern 
Catalunya, t he Ebro v a l l e y and the south of 
l/asconia ( f i g . 1 / I I . 6 - 1 ) . Of the U r n f i e l d e r s , 
H a l l s t a t t and C e l t i c people luho entered Spain, 
o n l y those i n t h e northtuest and the Meseta man-
aged t o r e t a i n a r e l a t i v e l y Indo-European c u l -
t u r a l f a c i e s , as much i n debt with the n a t i v e 
s u b s t r a t u m and t h e c u l t u r e s o f the Mediterranean 
l i t e r a l as u j i t h t h e i r trans-Pyreneean homelands 
(Savory, 1968). A l l t h i s speaks of c u l t u r a l as 
l u e l l as of n u m e r i c a l i n f e r i o r i t y i n most placei''^ 
The c o n c l u s i o n t o be e x t r a c t e d i s t h a t the Me-
s e t a ( s p e c i a l l y t h e n o r t h e r n h a l f ) , the Canta-
b r i a n area ( p o s s i b l y ) and G a l i c i a were the 
areas most e x t e n s i v e l y a f f e c t e d - g e n e t i c a l l y -
by t he i n v a s i o n s . I n most of the n o r t h , t he 
n o r t h e a s t and t h e east - r e g i o n s l u i t h a maximum 
of d e p i g m e n t a t i o n - t h e i r impact, u/hen not t o t a l -
l y absent, must have been very s l i g h t and l o c a l -
i z e d . 
The most numerous of the V. and Ml, c e n t u r y 
Germanic i n v a d e r s - t h e U i s i g o t h s - counted about 
200,000 people luhen t h e y entered I b e r i a , a 
c o u n t r y u/ith bettueen s i x and e i g h t m i l l i o n s i n -
h a b i t a n t s ( T a r r a d e l l , 197A). A f t e r d r i v i n g out the 
Uandals from A n d a l u c i a ( i n t o n o r t h e r n A f r i c a ) and 
almost c o m p l e t e l y e x t e r m i n a t i n g the Alans from 
mestern I b e r i a , t h e y s e t t l e d i n the upper Ebro 
v a l l e y and i n t h e r e g i o n betiueen P a l e n c i a , Segovia 
( l ) The p i c t u r e i s indeed i n agreement u/ith t h e l i m i t s 
g iven by Tovar (1949) t o the e f f e c t i v e e x t e n s i o n 
of C e l t i c speech i n t h e Peninsula ( f i g . U I I .6-2a) 
s p o r a d i c p e n e t r a t i o n i n t o o t h e r areas n o t i u i t h -
s t a n d i n g ( f i g . UII.'6-.2b). 
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and Burgos s i d e by s i d e w i t h t he Suebian k i n g -
dom oF no r t h u i e s t e r n Spain and n o r t h e r n P o r t u g a l . 
At the be g i n n i n g of the s i x t h c e n t u r y , roughly 
1 out of every 20 or 25 persons must have been 
Germanic, 
On i t s t u r n , t h e demographic a f t e r m a t h of 
the Muslim i n v a s i o n luas s p e c i a l l y f e l t i n the 
Meseta and the Ebro Depression, l e a d i n g t o de-
p o p u l a t i o n o f e x t e n s i v e areas. The o l d U i s i g o t h i c 
and C e l t i b e r i c enclaves i n the Douro v a l l e y , be-
tween C a n t a b r i a and t h e C e n t r a l S i e r r a , mere 
t o t a l l y d e s e r t e d by t h e mid U l l l t h c e n t u r y . The 
r e g i o n , t o g e t h e r i i ; i t h t h e upper Ebro v a l l e y , luas 
l a t e r r e p o p u l a t e d betu/een t h e U l l l t h and X l l t h 
c e n t u r i e s . (Font Rius, 1974) by people from the 
n o r t h e r n mountain ranges ( G a l i c i a n s , A s t u r i a n s , 
C a n t a b r i a n s , Vasconians, Aragonese and Cata-
l o n i a n s ) t o g e t h e r with mixed Germanic and Hispano-
Romanic groups- from o t h e r areas who had sought r e -
fuge among them. I n t h e romanised south and east 
of t h e P e n i n s u l a , t h e r e u/as l i t t l e d e p o p u l a t i o n 
by C h r i s t i a n s , I m p o r t a n t even was the replacement 
of Muslims i n those tiuo r e g i o n s by C h r i s t i a n s 
groups from r e s p e c t i v e l y t h e n o r t h and c e n t r e and 
the n o r t h e a s t , t o s e t t l e among t h e mass of the 
p o p u l a t i o n of o l d n a t i v e s t o c k , noiu t i n g e d also 
w i t h Berber and Arabian genes. 
As a whole, f o r t h e n o r t h e r n h a l f and the 
e a s t e r n area o f Spain, t h e s e r o l o g i c a l data 
(V/alls, 1975) and t h e c r a n i o l o g i c a l evidence 
(Hoyos Sainz, 1952) agree reasonably w e l l w i t h 
each o t h e r and w i t h t h e p i c t u r e of c o l o n i s a t i o n 
o f f e r e d by t h e Reconquista p e r i o d . I t also sug-
gests t h a t t h e Aragonese played a r o l e of some im-
portance i n the s e t t l e m e n t o f the eastern p a r t of 
the n o r t h e r n Meseta, and t h a t n o r t h e r n Portuguese 
p o s s i b l y played t h e same r o l e i n the western r e -
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g i o n . I t a l s o helps t o e x p l a i n the p a r t i a l de-
v i a t i o n of n o r t h e a s t Catalunya from the Aragonese-
l/alencian norm as i n f l u e n c e from the French 
Languedoc, a l r e a d y d e t e c t a b l e at the b e g i n n i n g 
of t h e Reconquista p e r i o d and, presumably, at 
the t i m e of t h e C e l t i c i n v a s i o n s . The s i t u a t i o n 
i n t he s o u t h e r n h a l f of Spain i s t y p o l o g i c a l l y 
much more complex, presumably owing t o the un-
i n t e r r u p t e d h i s t o r y of s e t t l e m e n t i n the r e g i o n 
and t o i t s g r e a t e r g e o g r a p h i c a l openness as com-
pared w i t h t h e s e l f c o n t a i n e d area beyond the 
C a n t a b r i a n and t h e I b e r i a n mountains. 
E x p l a i n i n g t h e d i s t r i b u t i o n of p i g m e n t a t i o n 
i n Spain i s no easy t a s k . The d i s t r i b u t i o n f o r 
l i g h t eyes and t h a t f o r l i g h t h a i r show i m p o r t a n t 
d i s c r e p a n c i e s , and both show d i s c r e p a n c i e s w i t h 
t h a t f o r s k i n p i g m e n t a t i o n , as observed by 
Sanchez (1912) and by Aranzadi and Hoyos (1892). 
According t o S.Snchez, t h e darkest- skinned: r e g i p n s 
ar& a l l : but -tine t o t a l l y or p a r t i a l l y i n c l u d e d i n 
the- Meseta ( s e c t i o n V I . l ) , I n general the p r o -
v i n c e s along t h e Portuguese f r o n t i e r are d a r k e s t 
and t h e C a n t a b r i a n and Mediterranean ones (except 
the s o u t h e a s t ) are l i g h t e r . F a i r h a i r i s more 
abundant along the n o r t h e r n and eastern c o a s t , the 
A t l a n t i c Andalusian coast and Aragtfn, which be-
longs p a r t i a l l y t o one o f the areas w i t h darker 
s k i n s . Here, Zaragoza, extending between the Pyre-
nees and t h e Ebro Depression has 30,18 per cent of 
l i g h t h a i r (presumably i n c l u d i n g l i g h t brown), while 
the- average f o r the whole c o u n t r y i s 1A.5 per c e n t , 
R u f o s i t y i s r a r e i n Spain except i n A s t u r i a s and 
G a l i c i a , L i g h t eyes ( b l u e , grey, green and l i g h t 
mixed) are commoner along the Cantabrian mountains, 
Uasconia, Aragfin, the n o r t h e a s t e r n p a r t of Cata-
l u n y a , Old C a s t i l e and Eastern Andalusia, I n the 
Basque c o u n t r y the h i g h e s t f r e q u e n c i e s f o r l i g h t 
eyes ( l i g h t mixed i n c l u d e d ) are reached: above 40 
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per c e n t , a c c o r d i n g t o Hoyos (1952). Zaragoza 
has 24.96 per c e n t , u/hile t h e average f o r Spain 
i s 17.6 per c e n t . Blue-grey eyes become l e s s 
f r e q u e n t away from the Pyrenees and t h e Basque 
c o u n t r y . I n the n o r t h e r n Meseta f r e q u e n c i e s de-
crease toujards the Portuguese border, w h i l e i n 
the southern Meseta they b r o a d l y d i m i n i s h east-
wards. I n Levante and A n d a l u c i a they b r o a d l y 
seem t o decrease i n n o r t h - s o u t h and east-west 
d i r e c t i o n s r e s p e c t i v e l y . 
The f i r s t f a c t t h a t s t r i k e s us i s t h a t harmo-
ni c blondism ( l i g h t eyes and h a i r w i t h p r e f e r e n -
t i a l l y l i g h t s k i n ) i s r a r e o u t s i d e the area en-
c l o s e d to t h e east by the Pyrenees and the h i l l 
c o u n t r y b o r d e r i n g the s o u t h e r n f r i n g e s of the 
Ebro Depression, and t o t h e west by the Canta-
b r i a n mountains and the sea. Outside t h a t wide 
area, one of t h e t h r e e i n g r e d i e n t s at l e a s t i s 
m i s s i n g ( p a r t i c u l a r l y l i g h t s k i n ) and o f t e n the 
t h r e e of them. Another s t r i k i n g f e a t u r e i s the 
h i g h degree of p i g m e n t a t i o n of the h i n t e r l a n d , 
which c o n s t i t u t e s a massiwe core of h i g h l y p i g -
mented i n d i v i d u a l s , o n l y p a r t i a l l y broken i n the 
n o r t h by the r e l a t i v e l y f r e q u e n t occurrence of 
l i g h t eyes (more f r e q u e n t l y than not w i t h o u t ac-
companying l i g h t h a i r ) . As a whole, Andalucia i s 
l i g h t e r h a i r e d than the Meseta, although the 
t r a i t i s very unevenly d i s t r i b u t e d . One more pe-
c u l i a r i t y i s t h e l i g h t p i g m e n t a t i o n of the 
Spanish Levante, w i t h more blonds than the nor-
t h e r n coast and w i t h the l i g h t e s t skinned pro-
v i n c e i n Spain ( A l i c a n t e ) . 
N e i t h e r L e v a n t i n e s nor Basques can owe t h e i r 
blondism t o Indoeuropean speakers because none 
i n h a b i t e d the r e g i o n . The Levante was i n t e n s i v e l y 
B e r b e r i s e d , but n e i t h e r the number of Berbers nor 
t h e i r h a i r c o l o u r (average of 14 per cent f o r i n -
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d i v i d u a l s i n c a t e g o r i e s 3 and 4,among the R i f -
f i a n s , l i g h t e s t of a l l Berber group^ c o u l d be 
enough t o b r i n g a whole r e g i o n t o the present 
l e v e l of h a i r b l o n d i s m , not t o mention t h a t the 
Levante i s very f a r away from the average 57 per 
cent o f l i g h t and mixed eyes which c h a r a c t e r i z e 
the R i f f i a n Berbers (Goon, 1969). T h e i r blondism 
i s perhaps an a t t e n u a t e d v e r s i o n of the Aragonian 
blondism, ,and the same i s probably v a l i d f o r 
Catalunya s i n c e the t h r e e p o p u l a t i o n s stand t y p o -
l o g i c a l l y v ery c l o s e t o g e t h e r (Hoyos, 1952). I t 
i s e x t r e mely unsafe t o t a l k about t h e U i s i g o t h i c 
c o n t r i b u t i o n t o Spanish blondism, s i n c e t h e i r 
o n l y i m p o r t a n t s e t t l e m e n t s , i n Old C a s t i l e , were 
e x t e n s i v e l y and i n t e n s i v e l y a f f e c t e d by the d i s -
lodgement of p o p u l a t i o n s accompanying the Muslim 
i n v a s i o n , which p r o b a b l y h i n d e r e d t h e i n t e n s i v e 
f i x a t i o n of Gothic genes on any p a r t i c u l a r area, 
A more e f f e c t i v e impact was probably t h a t of the 
Suebians i n n o r t h - w e s t e r n I b e r i a , Assuming f o r 
the r e g i o n a demographic importance comparable 
w i t h today's and two a l t e r n a t i v e f i g u r e s f o r the 
number of i n v a d e r s (100,000 vs. 150,000), and as-
suming f u r t h e r two a l t e r n a t i v e f i g u r e s f o r the 
p r o p o r t i o n s of h a i r i n c a t e g o r i e s 3 and 4 among 
the n a t i v e s (10 vs. 5 per c e n t ) and t h a t the c o r -
responding p r o p o r t i o n f o r t h e i n v a d e r s was 60 per 
cent ( i n t e r m e d i a t e between modern Scandinavians 
and modern n o r t h Germans), a rough c a l c u l a t i o n 
( u n s o p h i s t i c a t e d i n the absence of knowledge 
about t h e g e n e t i c s o f h a i r c o l o u r ) shows t h a t t h e 
p r o p o r t i o n s of l i g h t e r h a i r i n the r e g i o n should 
never exceed t h e f i g u r e s of 21 and 17 per cent 
( f o r 100,000) versus 23 and 19 per cent ( f o r 
150,000). These r e s u l t s , a l t h o u g h t e n t a t i v e , look 
reasonable enough when c o n s i d e r i n g t h e a c c r e t i o n s 
of darker i n d i v i d u a l s absorbed by the r e g i o n s i n c e 
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the e a r l y days of t h e Reconquista and the domir-
nant c h a r a c t e r of dark p i g m e n t a t i o n , A s i m i l a r 
phenomenon c o u l d have taken place somewhere 
else as w e l l ( a l t h o u g h not n e c e s s a r i l y on t h e 
same s c a l e ) , n o t a b l y i n t h e Cantabrian r e g i o n 
between the t e r r i t o r i e s of Basques and G a l i c i a n s 
( f i g . M i l , 6 - 2 ) , The i d e n t i t y of those p o p u l a t i o n s 
i s s t i l l debated. On an e t h n o g r a p h i c a l basis 
Caro B a r o j a (1975) has connected A s t u r i a n s and 
Cantabrians, t h e most numerous among them, t o 
the C e l t i c w o r l d , w h i l e on a l i n g u i s t i c b a s i s 
Tovar (1949) makes them Indoeuropean but pre-' 
C e l t i c , presumably r e l a t e d t o the U r n f i e l d 
people. At any r a t e , they can h a r d l y have entered 
a vacuum, as the area has s h e l t e r e d a r e l a t i v e -
l y dense p o p u l a t i o n s i n c e P a l e o l i t h i c times. 
Thus, Ca n t a b r i a n blondism may w e l l be mainly 
antochthonous. 
Even .more there- must have been the case w i t h the 
C a t a l o n i a n and the Ebro v a l l e y r e g i o n s , which, i n 
s p i t e of t h e remains of U r n f i e l d o c c u p a t i o n , many 
i n the e a s t e r n C a t a l o n i a n area, never l o s t i t s 
p r o t o - I b e r i a n c h a r a c t e r (Savory, 1968), U n f o r t u n -
a t e l y , the p r e h i s t o r y of t h e Spanish r e g i o n s has 
been very unevenly s t u d i e d ; t h a t , t o g e t h e r w i t h 
the n a t u r e of t h e evidence, renders extremely un-
safe most c o n c l u s i o n s worked out on demographic 
assumptions. On the b a s i s of e x i s t i n g knowledge 
i t seems, however, f a i r l y a c c u r a t e t o r u l e out 
the Indoeuropean i n v a s i o n s from s i g n i f i c a n t l y con-
t r i b u t i n g t o t h e genesis of Aragonese blondism. 
On h i s t o r i c a l and p r e h i s t o r i c , as w e l l as a n t h r o -
p o l o g i c a l , grounds t h a t c o n c l u s i o n becomes c e r -
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t a i n t y i n the Basque case ( l ) . 
There were few Berbers i n t h e Ebro v a l l e y , 
where Arab presence was abundant, but they were 
numerous along the southern borders of the Ara-
gonese r e g i o n . And t h e r e was none of e i t h e r 
k i n d i n t h e Cantabro-Basque h i l l c o u n t r y and 
the Pyrenees, 
Blondism i n at l e a s t t h r e e of the Spanish r e -
g i o n s , t h u s , can not be e x p l a i n e d o t h e r w i s e than 
as autochtonous. I t i s i n d e e d , s i g n i f i c a n t t h a t 
(2) 
a l l e x t e n s i v e f o c i of blondism i n I b e r i a are 
d i r e c t l y connected w i t h mountain areas or i n 
t h e i r immediate v i c i n i t y . A lthough the s i t u a t i o n 
i s not unusual i n a n t h r o p o l o g y , the e x t e n s i o n and 
modern demographic d e n s i t y o f p a r t s of t h e zone 
renders i t uncommon. The r e g i o n has the g e n e r a l 
form of a t r i a n g l e , w i t h one s i d e along the Py-
renees and Basque mountains, another ( s t r o n g l y 
concave towards the c e n t r e o f t h e Meseta) along 
the I b e r i a n mountain system, and t h e t h i r d along 
t h e narrow c o a s t a l p l a i n s of V a l e n c i a and Cata-
l u n y a . H i l l c o u n t r y and mountains d e l i m i t i t 
p r a c t i c a l l y a l l around, s i n c e they even run 
p a r a l l e l t o the c o a s t a l p l a i n s and encroach upon 
( 1 ) The t r i b e s w i t h c e r t a i n t y i d e n t i f i e d as Basques 
occupied a vast area c e n t e r e d i n modern Navarra, 
and s t r e t c h i n g eastward across the northwestern, 
corner of Aragdn and westward t h r o u g h the e a s t e r n 
p a r t s of Logrono and the modern Basque c o u n t r y . 
Most of t h i s l a s t r e g i o n was by then s e t t l e d by 
t h r e e t r i b e s ( A u t r i g o n i a n s , C a r i s t i a n s and Var-
d u l i a n s ) whose Uasconian c h a r a c t e r i s s t i l l a 
matter of c o n t r o v e r s y . 
(2) There are no e x t e n s i v e f o c i o f blondism i n P o r t u -
ga l . . Compared w i t h Spain, the c o u n t r y i s a l s o r e -
markably f r e e ofmountains. At Povoa de Uarzim, a 
seaside town i n t h e p r o v i n c e of Douro, the per-
centage of blonds r i s e s t o 14.3 (Mendes Correa, 
1919). I n a c o u n t r y of long f a c e s , t h e Povoans are 
d i s t i n g u i s h e d by t h e i r broad faces and broad jaws 
(Coon, 1939). 
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them i n many places. The r e g i o n is n a t u r a l l y 
open t o t h e Meseta t a b l e l a n d s on the northwest 
and t h e s o u t h e a s t , the two ends of the I b e r i a n 
system, and t o France through two d i f f i c u l t 
passes on both ends of the Pyrenees. These were 
i n t h e past p r a c t i c a l l y the only two n e g o t i a b l e 
r o u t e s across the n o r t h e r n b a r r i e r , which - be-
cause o f i t s complex morphology - has proved 
t o be a more f o r m i d a b l e o b s t a c l e t o man than 
t h e i r h i g h e r c o u n t e r p a r t s , the Alps. The s o u t h e r n 
b a r r i e r , a l t h o u g h the l a r g e s t s i n g l e 'area of d i f -
f i c u l t y ' w i t h i n the p e n i n s u l a , i s broken down' by 
r i v e r v a l l e y s i n t o d i s t i n c t u n i t s which help t o 
p r o v i d e means of communication w i t h the Meseta. 
Although p e n e t r a t e d i n d i f f e r e n t occasions, the 
r e g i o n ' s r e l i e f must have c o n t r i b u t e d e f f e c t i v e l y 
t o m i n i m i z e c o n t a c t w i t h o u t s i d e r s , except i n the 
immediate v i c i n i t y of i t s n a t u r a l passes, t h u s , 
p a r t i a l l y i s o l ' a t i n g i t s g e o g r a p h i c a l h e a r t , Ara-. 
gdn, f o r v e r y long p e r i o d s i n a n t i q u i t y . I n a c c e s s i -
b i l i t y must have been at i t s peak d u r i n g t h e Wurm 
p e r i o d , which g l a c i a t e d the Pyrenees and the 
h i g h e s t t o p s of the I b e r i a n system, and l a t e r w i t h 
t h e l u x u r i a n t spread of f o r e s t s , subsequent t o the 
end of t h e Dryas I I I p e r i o d . I n such s e m i - i s o l a -
t i o n , a moderate t o b i g p o p u l a t i o n can evolve 
r e a s o n a b l y f r e e from e r r a t i c t r e n d s , s t e a d i l y per-
meating i t s immediate neighbours and being s l i g h t -
l y a f f e c t e d by them along i t s p e r i p h e r y . I n the 
absence o f any a l t e r n a t i v e e x p l a n a t i o n and s i n c e 
t h e optimum p e r i o d f o r the spread of mutant a l l e -
l e s f o r bondism i n I b e r i a i s * p a s t , . i t i s mast 
reas o n a b l e t o suggest t h a t i t s r e l a t i v e l y h i g h 
r a t i o s among the Aragonese are merely the remain 
o f an a n c i e n t a d a p t a t i o n t o P a l e o l i t h i c e n v i r o n -
ment. The t r a i t may w e l l be r e c e d i n g . Because of 
t h a t , and owing t o gene losses t o darker popul,a-
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t i o n s , blondism may have been even more f r e q u e n t 
i n t he past i n Aragfin. On c r a n i o m e t r i c a l grounds, 
Hoyos (1947) has d e s c r i b e d the p r o g r e s s i v e 'medi-
t e r r a n i z a t i o n ' of t h e Cromagnoid t r a i t s of the 
M e s o l i t h i c and N e o l i t h i c Aragonese and e a s t e r n 
Spaniards, The presence t o the n o r t h of the Basque 
people, a l s o w i t h r e l a t i v e h i gh r a t i o s of blondism, 
also a t t a c h e d t o t h e i r mountains, which, i n s p i t e of 
r e l a t i v e i s o l a t i o n , have permeated the p o p u l a t i o n s 
around them w i t h t h e i r unusual blood group f r e -
quencies and t h e i r c r a n i o m e t r i c a l p e c u l i a r i t i e s , 
may serve as an i l l u s t r a t i o n o f how a p o p u l a t i o n 
of M e s o l i t h i c (presumably o l d e r ) ancestry can 
evolve i n t o a new one w h i l e r e t a i n i n g some of i t s 
o l d e s t c h a r a c t e r i s t i c s . 
I n n o r t h A f r i c a and t h e Canary I s l a n d s the oc-
c u r r e n c e of blondism i s n o r m a l l y associated w i t h 
(1) 
e i t h e r a t y p e which has been c a l l e d ' n o r d i c ' ^ or 
a second one r e m i n i s c e n t of t h e n o r t h A f r i c a n Cro-
magnon v a r i e t y (Coon, 1939), No t r a i t s s p e c i f i c a l -
l y cromagnoid are f r e q u e n t nowadays among Aragonese, 
L e v a n t i n e s or C a t a l o n i a n s , although i s o l a t e d i n d i -
v i d u a l s r e s e m b l i n g Cromagnon types have been r e -
p o r t e d i n V/asconia ( F u s t 6 , 1957 ) and the C e n t r a l 
S i e r r a (Hoyos, 1947), Yet, bone remains resembling 
the Cromagnon and Combe-Capelle Upper P a l e o l i t h i c 
types are common i n t h e whole Mediterranean area of 
Spain, from t h e P a l e o l i t h i c u n t i l at l e a s t the end 
of t h e N e o l i t h i c , w h i l e i n the Cantabrian area the 
Combe-Capelie element seems so f a r t o be absent. 
These types can not s i m p l y have disappeared. B a s i -
c a l l y , alone or i n c o m b i n a t i o n w i t h l a t t e r popula-
( l ) Presumably n o t h i n g e l s e than a recombination of 
l o c a l ' Mediterranean' and 'Cromagnon' genes - r e -
appearing whenever and wherever the basic m a t e r i a l 
i s a v a i l a b l e - perhaps w i t h some Uandal a c c r e t i o n s . 
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t i o n s , they must have evolved i n t o the modern 
i n h a b i t a n t s of the area. Common i n c i p i e n t eye 
blondism among e a s t e r n Andalusians (Aranzadi 4 
Hoyos, 1892) - or even among Andalusians i n 
ge n e r a l (Hulse, 1934, c i t e d i n Coon, 1939) - can, 
on these bases, be e x p l a i n e d i n the same way as 
the Aragonese, or as a - r e s u l t of post-Recon-
q u i s t a p l a n t a t i o n , or both. Indeed, two d i f f e r -
ent mountain systems enclose the r e g i o n , con-
v e r g i n g eastward and l e a v i n g place f o r the 
G u a d a l q u i v i r d e p r e s s i o n on the west. Of t h e gene-
r a l abruptness of t h e Andalusian r e g i o n - i n c l u d -
i n g some of the h i g h e s t peaks i n the p e n i n s u l a 
(Mulhac6n, 11,420 f t ) - can wit n e s s the ample suc-
cess o f brigandage, endemic i n Andalucia from pre-
Roman ti m e s u n t i l w e l l i n t o t h e l a s t c e n t u r y , and 
the i n s u r m o u n t a b l e d i f f i c u l t i e s experienced by 
l o c a l a u t h o r i t i e s i n t h e i r attempts t o draw the 
out l a w s out of- t h e i r . r e f u g e s i n the s i e r r a . Con-
t r a r y t o Coon's s u g g e s t i o n , Berbers can not be 
held r e s p o n s i b l e f o r eye blondism i n , at l e a s t , 
e a s t e r n Andalucfa s i n c e they were very few i n num-
ber t h e r e . They may, however, have made a g e n e t i c 
impact on some p a r t i c u l a r d i s t r i c t s of western 
A n d a l u c f a , s i n c e c l a n u n i t s tended t o s e t t l e t o -
gether and some came from the A t l a s and the R i f f 
d i s t r i c t s . 
G e n e r a l l y speaking, i t i s extremely d i f f i c u l t 
t o e v a l u a t e t h e g e n e t i c e f f e c t of the Muslim oc-
c u p a t i o n i n I b e r i a , owing t o t h e s c a r c i t y of i n -
f o r m a t i o n as t o t h e i r numbers. I n the long run 
Arabs became a m i n o r i t y and Berbers a d i s c r i m i -
nated - a g a i n s t m a j o r i t y . Guichard (1976) ,has c a l -
c u l a t e d a minimum of 150,000 or 200,000 Muslims 
f o r t h e U l l l t h c e n t u r y , w i t h t h r e e more i m p o r t a n t 
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i n v a s i o n s t o come. However, owing t o the much higher 
l i v i n g standards and t o the massive conversions to 
Islarri. among the C h r i s t i a n s • (most of whoin had stayed 
i n the occupied zone) the numbers of Muslims aug-
mented p r o d i g i o u s l y . Most of them must have been 
e i t h e r c o n v e r t e d C r h i s t i a n s or h y b r i d s - as a n t h r o -
p o l o g i c a l s t u d i e s among t h e i r modern descendants i n 
n o r t h e r n A f r i c a a l s o seem to suggest (Coon, 1939), 
During the t h r e e f i r s t hundred years of the Recon-
q u i s t a no Muslims were allowed t o remain i n the r e -
gained t e r r i t o r i e s , which suggests an indigenous 
o r i g i n f o r the d a r k l y pigmented i n h a b i t a n t s of the 
the n o r t h w e s t e r n corner of the Meseta - presumably 
connected t o the b r u n e t t e type of southern G a l i c i a 
and n e i g h b o u r i n g areas of n o r t h e r n P o r t u g a l (Coon, 
1939). This agrees w e l l w i t h ' t h e aforementioned 
p a t t e r n s of r e p o p u l a t i o n d u r i n g the Reconquista. 
(Font Rius, 1974).^The . r e p o p u l a t i o n of the 
southern Meseta went along new l i n e s , and the 
vdefeated were alloiired t o s t a y as f r e e s u b j e c t s 
of t h e C h r i s t i a n k i n g s . Many of them converted 
t o C h r i s t i a n i t y and became a s s i m i l a t e d by the 
n a t i v e p o p u l a t i o n . T h e i r impact, t h u s , should 
be masimal i n t h e Levante and t h e southern h a l f 
Qf the Pe n i n s u l a , But the d i s t r i b u t i o n of Arabs 
and Berbers agrees badly w i t h present d i f f e r e n -
ces i n blondism, as Arabs were g e n e r a l l y predo-
minant i n An d a l u c i a w h i l e Berbers were more 
abundant i n e x t e n s i v e areas of New C a s t i l e , The 
darker zone along t h e Portuguese border i s pre-
sumably owing t o gene f l o w across i t . 
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U I I I , A s s o r t a t i v e mating and p i g m e n t a t i o n . 
Seventeen years a f t e r the p u b l i c a t i o n of h i s most 
famous work, "On the o r i g i n of s p e c i e s ' , Darwin, i n 
r e c o g n i t i o n of the seeming f a i l u r e of h i s t h e o r y of 
n a t u r a l s e l e c t i o n t o e x p l a i n the appearance of cer-
t a i n sexual d i f f e r e n c e s w i t h i n the species, suggested 
t h a t those t r a i t s must have evolved because they 
h e l p e d t h e i r possessors to more f r e q u e n t mates or to 
s e x u a l access t o the most p r o l i f i c members of the 
s p e c i e s (Darwin, 1889). The q u e s t i o n i s as v a l i d i n 
the t e r r a i n of c h a r a c t e r s common t o both sexes as i n 
t h a t i n which Darwin o r i g i n a l l y f o r m u l a t e d i t and, i n 
a more g e n e r a l f o r m , can be phrased i n the f o l l o w i n g 
way; along w i t h s e x u a l l y dimorphic c h a r a c t e r s , are 
t h e r e any o t h e r t r a i t s which, by i n c r e a s i n g t h e i r 
b e a r e r s ' p o s s i b i l i t i e s f o r sexual success, can lead 
t o a s h i f t i n a s s o c i a t e d p o p u l a t i o n f r e q u e n c i e s when 
the t r e n d p e r s i s t s f o r long enough? An issue of the 
utmost r e l e v a n c e i n t h i s c o n t e x t concerns the way i n 
which s e l e c t i o n of mate, whether b i l a t e r a l or n o t , 
o p e r a t e s . 
Among an i m a l s , a male's success i n f i n d i n g a sexual 
p a r t n e r may depend on h i s p h y s i c a l c a p a c i t y t o d r i v e 
away c o m p e t i t o r s and dominate the female or a l l o w i n 
the p i c t u r e a c e r t a i n amount, e x t r e m e l y v a r i a b l e , of 
female u n d e r t a k i n g . The l a s t m o d a l i t y i m p l i e s t h a t the 
female's w i l l i n g n e s s has t o be g a i n e d . That r e q u i r e s 
e i t h e r v i g e u r or sexappeal or b o t h . S t r e n g t h , p o s i t i v e -
l y c o r r e l a t e d w i t h w e i g h t , and weapon's s i z e ( h o r n s , 
f a n g s , . . ) , along w i t h s e x u a l l y a t t r a c t i v e a t t r i b u t e s , 
seem t o procure f o r t h e i r male possessors the a b i l i t y 
t o b u i l d up a harem of females, w i t h i n polygamic 
s p e c i e s , consequently endowing them w i t h a b e t t e r 
chance f o r p r o p a g a t i n g the g e n e t i c component of those 
t r a i t s . That seems t o be the system at work among many 
Pr i m a t e and A r t i o d a c t y l a s p e c i e s , where males are 
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n o r m a l l y b i g g e r , b e t t e r armed and more b r i l l i a n t l y 
c o l o u r e d than females. But w i t h i n monogamic species, 
w i t h sex r a t i o s c l o s e t o one, even the s e x u a l l y l e s s 
successful i n d i v i d u a l s do have a chance of f i n d i n g a 
mate. Under those c i r c u m s t a n c e s , sexual success would 
n o t seem t o be such a c l e a r advantage from a n a t u r a l 
s e l e c t i o n s t a n d p o i n t , unless the s e x u a l l y most success-
f u l i n d i v i d u a l s a l s o managed e i t h e r t o l) engage them-
s e l v e s i n mora p r o l i f i c unions than the r e s t , or 2) be 
b e t t e r f i t t e d than o t h e r s t o keep t h e i r o f f s p r i n g a-
l i v B or 3) it,was found t h a t , f a v o u r a b l e sex r a t i o 
n o t i u i t h s t a n d i n g , a c o n s i d e r a b l e p r o p o r t i o n of i n d i v i d -
u a l s never managed t o mate, Darwin, h i m s e l f , , b e l i e v e d 
one of these t o be t h e mechanism a t work, w i t h i n mono-
gamic s p e c i e s and t h a t some of those q u a l i t i e s which 
a l l o w e d t h e i r possessore the access t o the most a l l u r -
ing, Females a l s o enabled them t o be more e f f i c i e n t 
f a t h e r s * 
Among humans, whether i t i s m a t t e r of a s o c i a l l y 
s a n c t i o n e d union or of a c a s u a l one, each of the i n -
udlu.Qd;-:; p a r t n e r s has t o g a i n the o t h e r ' s acceptance. 
Very o f t e n , , e s p e c i a l l y among sim p l e - t e c h n i q u e s o c i e t i e s ' 
th a r e s p o n s i b i l i t y f o r g r a n t i n g acceptance i s not with 
t h e b r i d e h e r s e l f b u t w i t h her c u s t o d i a n s , and t h i s 
may d r a s t i c a l l y a f f e c t tha c o n t r a c t ' s f o u n d a t i o n s . 
When the female's c u s t o d i a n s do the s e l e c t i o n i t i s on 
the* b a s i s of s o c i a l - p o s i t i o n , which i m p l i e s means t o 
compensata them f o r the l o s s of l a b o u r f o r c e which the 
f e m a l e ' s d e p a r t u r e r e p r e s e n t s . D e c i s i o n by the female 
i s - l i k e l y t o i n t r o d u c e new f a c t o r s i n t o the p i c t u r e 
( c h a r a c t e r , handsomeness) and even l e t them take p r i -
o r i t y . Women i n t h e i r t u r n , are s e l e c t e d f o r t h e i r 
f u n c t i o n a l a p t i t u d e s (domestic r e a d i n e s s , assumed f e r -
t i l i t y ) and p e r s o n a l a t t r i b u t e s ( b e a u t y , c h a r a c t e r ) . 
Thus, those p h y s i c a l a t t r i b u t e s . w h i c h . a r e i n s t r u m e n t a l 
i n s e i z i n g the o t h e r sex's f a v o u r s are s t i l l importan-b.r, 
What i s new about humans i s tha relevance of i n t e l l i -
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gence i n d e t e r m i n i n g sexual success. I t may be d i r e c t -
l y s e l e c t e d by or i n d i r e c t l y , as one of the f o u n d a t i o n s 
f o r s o c i a l p o s i t i o n . However, as soon as the economic 
p r e s s u r e i s a l l e v i a t e d sexual appeal emerges, a t l e a s t 
f o r men, as the most i n f l u e n t i a l f a c t o r . The importance 
of beauty i n our s o c i e t y i s everyday empasized i n a r t , 
l i t e r a t u r e , f i l m , a d vertisements and the l i k e . I n 
people's minds a t t r a c t i v e i n d i v i d u a l s i n r e a l l i f e are 
o f t e n endowed w i t h a l l k i n d s of good q u a l i t i e s (Dion 
e t a l , , 1972). P r e j u d i c e s i n f a v o u r of handsome people 
have been e l i c i t e d by s o c i o l o g i c a l r e s e a r c h among wide-
l y d i f f e r e n t s o r t s of people: c h i l d r e n (Dion e t a l , , 
1972), s c h o o l t e a c h e r s (Berscheid & W a l s t e r , 1975), 
u n i v e r s i t y s t u d e n t s ( D i o n , 1972; Landy & S i g a l l , 1974; 
S i g a l l & O s t r o v e , 1975), Ethnographic m a t e r i a l from 
o t h e r p a r t s of the w o r l d seem t o p o i n t i n the same 
d i r e c t i o n . 
When compared w i t h o t h e r human a t t r i b u t e s , beauty 
has a s e l e c t i v e advantage over them a l l : i t i s most 
v i s i b l e . Beauty s i g n a l s out a person's p h y s i c a l p r e s -
ence and a t t r a c t s o t h e r s ' a t t e n t i o n . Because of i t we 
may t a k e steps towards c o n t a c t i n g a person, who may 
or may not prove i n t e r e s t i n g , whose acquaintance we 
might o t h e r w i s e never have made. An overwhelming amount 
of r e s e a r c h m a t e r i a l suggests t h a t t h i s i s i n f a c t 
what o f t e n happens. When people are asked what k i n d of 
q u a l i t i e s they would p r e f e r i n a p a r t n e r of the op-
p o s i t e sex, they o f t e n name t r a i t s such as honesty, 
c h a r a c t e r s t r e n g t h and the l i k e , t a k i n g up p h y s i c a l 
appearance o n l y s e c o n d a r i l y . On the c o n t r a r y , a w e l l 
documented body of i n f o r m a t i o n shows t h a t an a t t r a c t i v e 
p h y s i q u e i s enormously i m p o r t a n t i n the e v a l u a t i o n of 
a p r e s u m p t i v e p a r t n e r ' s s u i t a b i l i t y . I n p r a c t i c e , i t 
may even happen t h a t o t h e r f a c t o r s become i r r e l e v a n t 
( B e r s c h e i d e t a l , , 1971), e s p e c i a l l y i n c o n n e c t i o n 
l u i t h t h e f i r s t i m p r e s s i o n . Another experiment conduct-
ed among u n i v e r s i t y s t u d e n t s ( C e n t e r s , 1972) produced 
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a somewhat d i f f e r e n t s c o r i n g f o r men than women 
( t a b l e U I I I - l ) , I t may be argued whether Center's 
p l a n n i n g of h i s experiment d i d n o t leave f u l l room 
f o r h i s female s t u d e n t s t o d i s p l a y the thoose-soph-
i s t i c a t e d ' syndrome d i s c l o s e d by Walster and o t h e r s . 
I t i s a l s o d o u b t f u l whether a l e s s educated female 
group would come out w i t h a l i s t i n which nine out 
of t e n t r a i t s have t o do w i t h c h a r a c t e r and i n t e l l i -
gence, a l t o g e t h e r s u g g e s t i n g a s t r o n g element of 
s o c i a l r a n k i n g . But even a l l o w i n g f o r the e x i s t e n c e 
of c l a s s and c u l t u r e d i f f e r e n c e s i t seems t h a t , at 
l e a s t i n western s o c i e t i e s , good l o o k s are somewhat 
more i n demand among men than among women. 
Abili t ies and attributes coDsidered Abil i t ies and attributes considerec 
botb male and fcinalc r a i e r i by both maie and iemaic Tutn 
to be more desirable to be more desirabse 
for males for females 
1. Achievement 1. Physical Anraajreoess 
Leadership 2. Erotic Abi l i r i -
3. OccupatioDal A b i l i t j 3. ABectiona! Abi l i ty 
4. Economic Ability- 4. Social Ab i l i t y 
5. Entertaining Ability-
Intel leaua! Abilit>-
5. Domestic Abi l i ty 
6. 6. Sancria! Ab i l i t y 
7. ,Observational A b i l i t y 7. Interpersonal Understandiuf 
i. Common Sense S. A r t AppredatioD 
9. Athletic A b i l i t y 9. Moral -Spi r i tuz! UodersTaodi:^ 
10. Theoretical Ability- 10. Ar t -Creat ive Abil i ty 
11. Scientific Understanding 
12. Mechanical A b i l i t y * 
• Mechanical is an exception in that i t was considered by both sexes to be beiew 
average in desirabil i ty as an abi l i ty fo r a female. 
Table - y i l T - l . A b i l l t i e e ana a t - t r i b u t e s c o n a i d e r e d by u n i v e r s i t y 
BtudentB of both sexea as B o c i a l l j d e s i r a b l e f o r persons o f e i t h e r 
a e i , but as somewhat more d e s i r a b l e f o r persons o f e g i v e n sex. 
( A f t e r C e n t e rs, 1 9 7 2 ) . 
The e x i s t e n c e of such a d i f f e r e n t i a t i o n , g r e a t or 
s m a l l , may not be as odd as i t l o o k s . M i l l i o n s of 
year s of n a t u r a l s e l e c t i o n f o r manual d e x t e r i t y and 
a b s t r a c t t h i n k i n g might w e l l have brought about such 
a development i n r e p r o d u c t i v e b e h a v i o u r , i n t r o d u c i n g 
w i t h i n the most pa s s i v e sex a p r e f e r e n c e f o r those 
f a c t o r s i n c i t i n g the weakest responses ( i n t e l l i g e n c e , 
c h a r a c t e r ) as s e l e c t i v e agents, w h i l e keeping sexual 
appeal's o l d r o l e w i t h i n the sex n o r m a l l y s t a r t i n g 
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the s e x u a l approach. I t has not even t o be a g r e a t 
i n n o v a t i o n since even among ot h e r Primates t h e r e are 
t r a c e s of i t : De Wore (1965) found among male ba-
boons a g e n e r a l c o r r e l a t i o n between sexual a c t i v i t y 
and r a n k , and Jay (1965) r e p o r t e d t h a t female l a n g u r s 
a t t h e h e i g h t of r e c e p t i v i t y s o l i c i t e d most h i g h e r 
r a n k i n g males. Among humans, such a step would be i n 
agreement w i t h the main e v o l u t i o n a r y t r e n d b u t , as 
l o n g as s e x u a l appeal r e t a i n s i t s p r o c r e a t i v e r o l e , 
i t would h a r d l y be b i o l o g i c a l l y recommended thorough-
l y and b i l a t e r a l l y t o ' i n t e l l e c t u a l i z e ' a t t r a c t i o n 
between sexes, c o n t r a r i l y t o what some extreme f e m i n -
i s t i c elements seem t o long f o r . To express i t b l u n t -
l y , b e ing s e x u a l l y a l l u r i n g i s a d a p t i v e only when 
t h e r e i s someone around capable of being a l l u r e d . 
Beauty being so overwhelmingly i m p o r t a n t i n the 
c h o i c e of p a r t n e r , i t may be q u e s t i o n e d which are the 
t r a i t s t h a t d e f i n e i t ? Although some pr e s e n t day con-
c e p t i o n s of what i s ' a t t r a c t i v e about men and women 
may s t i l l owe much t o our pre-human p a s t , the emphasis 
i s n o t as o v e r t l y put today on s e x u a l l y d i m o r p h i c 
a r e a s . Although few men or women would o b j e c t t o a cer-
t a i n amount of forms or a v i g o r o u s p h y s i q u e , c e r t a i n 
s e r v e y s (Wilson & Nias, 1976) seem t o i n d i c a t e t h a t 
n e i t h e r p o w e r f u l shoulders nor muscular arms are 
s p e c i a l l y a t t r a c t i v e f o r women i n our s o c i e t y , w h i l e 
s m a l l b u t t o c k s , l e a n - w a i s t and b e l l y , eyes, long l e g s , 
h a i r and t a l l n e s s a t t a i n e d the h i g h e s t scores i n t h a t 
o r d e r . Men's i n t e r e s t , on the o t h e r hand, focused on 
more openly sexual c h a r a c t e r s ( s i z e and shape of breasts, 
b u t t o c k s and legs.) i n w i d e l y v a r y i n g c o m b i n a t i o n s , 
Darwin b e l i e v e d t h a t t h e r e was not i n the mind of 
man a u n i v e r s a l p r o t o t y p e of beauty and t h a t each 
p o p u l a t i o n tends to admire i t s own r a c i a l t r a i t s t h a t 
d i f f e r e n t i a t e i t from o t h e r s . On t h i s b a s i s , sexual 
s e l e c t i o n would tend t o i n c r e a s e g e n e t i c d i s t a n c e s be-
tween p o p u l a t i o n s (Darwin, 1889), He e s t i m a t e d sexual 
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s e l e c t i o n t o be the most e f f e c t i v e amongst a l l pro-
cesses ujhich have c o n t r i b u t e d to c r e a t e the p h y s i c a l 
d i f f e r e n c e s betujeen human groups. He uuas undoubtedly 
r i g h t about the lack of u n i v e r s a l i t y on beauty i d e a l s . 
Not o n l y i n space but a l s o i n t i m e , human i d e a l s on 
p h y s i c a l p e r f e c t i o n are s u b j e c t t o change. While 
e c o l o g i c a l l y and b i o l o g i c a l l y r o o t e d emphasis on some 
luidespread a c t i v i t i e s and r o l e s ( h u n t e r , l u a r r i o r ; 
mother) can lead t o a c e r t a i n degree of u n i v e r s a l 
convergence on c e r t a i n f u n c t i o n a l a t t r i b u t e s ( l e a n -
ness, v i g o u r ; fecund f o r m s ) , t h e r e are luide d i s a g r e e -
ments i n many o t h e r areas. The d i v e r s i t y i n human 
a e s t h e t i c t a s t e becomes f u l l y e v i d e n t luhen comparing 
f i g u r a t i v e r e p r e s e n t a t i d n s of the human body through 
time and space. D i f f e r e n c e s are s p e c i a l l y marked be-
tween the main r a c i a l s t o c k s , p a r t i c u l a r l y i n terms 
of c o l o u r . At t h i s l e v e l a t l e a s t , Daru/in's b e l i e f 
on p o p u l a t i o n s p r e f e r e n t i a l l y admiring t h e i r ouin 
r a c i a l t r a i t s seems t o be g e n e r a l l y c o r r e c t , but ac-
c u l t u r a t i o n can e a s i l y upset any t r a d i t i o n a l norms. 
Hulse (1967) has r e p o r t e d on p o s i t i v e s e l e c t i o n f o r 
l i g h t s k i n c o l o u r among 3apanese. Also i n Dapan, not 
long ago, s u r g i c a l o p e r a t i o n s on female noses f o r 
o b t a i n i n g a more E u r o p e a n - l i k e p r o f i l e had became a 
r e l a t i v e l y common p r a c t i c e u i i t h i n w e s t e r n i s e d c i r c l e s . 
I n N i g e r i a today, commercials a d v e r t i s e creams which 
make s k i n l i g h t e r , b r i n g i n g - r e p u t e d l y - happiness 
and s e l f a s s u r a n c e t o t h e i r possessors (Engberg, 1983), 
Thus, w h i l e c u l t u r a l c o n t a c t ( o f t e n l e a d i n g t o c u l -
t u r a l c o l o n i a l i s m ) b r i n g s u n i f o r m i t y , i s o l a t i o n and 
c u l t u r a l assurance tend t o work on the o p p o s i t e 
d i r e c t i o n , thereby making p o s s i b l e the f u l f i l m e n t of 
the d i v e r s i f y i n g r o l e p o s t u l a t e d by Darwin, p r o v i d e d 
the f o l l o w i n g r e q u i r e m e n t s are s a t i s f i e d : 
1. The t r a i t f o r which i n d i v i d u a l s are s e l e c t e d as 
sex p a r t n e r s must be e i t h e r g e n e t i c i t s e l f - or 
non - g e n e t i c , but a s s o c i a t e d t o one which i s gen-
349 
e t i c and a / i l l be draiun i n the process. 
2. With r e s p e c t t o the bearers of the t r a i t s e l e c -
ted f o r , the p a p u l a t i o n i s 
a, e i t h e r p o l y g e n i c or p o l y a n d r i c ( l u i t h or l u i t h o u t 
d i f f e r e n t i a l f e r t i l i t y and s u r v i v a l per u n i o n ) , 
or b o t h , or 
b, the p o p u l a t i o n i s monogamic, but 1) the bearers 
of the t r a i t become n o r m a l l y engaged i n unions of 
g r e a t e r than average f e r t i l i t y and/or 2) are b e t t e r 
f i t t e d than most t o keep t h e i r o f f s p r i n g a l i v e , 
and/or 3) a n o n - n e l i g i b l e p r o p o r t i o n of the po-
p u l a t i o n i s l e f t o u t s i d e the r e p r o d u c t i v e stream, 
t h e i r phenotypes not being randomly r e p r e s e n t e d . 
With r e g a r d t o p i g m e n t a t i o n - the c h a r a c t e r mith 
u/hich t h i s luork i s concerned - f u l f i l m e n t of the f i r s t 
c o n d i t i o n i s f u l l y met. I n a d d i t i o n , by m o d i f y i n g en-
v i r o n m e n t a l c o n d i t i o n s , the i n d i v i d u a l i s capable of 
d r a m a t i c a l l y a l t e r i n g the p i g m e n t a t i o n of h i s h a i r 
and s k i n , n a i l s , t e e t h and - l a t e l y - even eyes. The 
r e g u l a r d y i n g of h a i r s and t a n n i n g of s k i n s may be-
come i n s t r u m e n t a l l y i m p o r t a n t i n m o d i f y i n g s e l e c t i v e 
p r e s s u r e s . The t h r e e c o u n t r i e s concerning us have sex 
(1) 
r a t i o s c l o s e t o u n i t y ^ but i n a l l t h r e e the p r o -
p o r t i o n s of a d u l t s of each sex engaged i n b u i l d i n g up 
f a m i l i e s are f a r from. 100 per c e n t . • Concerning 2.a, a l l 
t h r e e s o c i e t i e s are* 'luestern' and t h e o r e t i c a l l y mono- • 
gamic, but i t may be uiondered u/hether the long es-
t a b l i s h e d e x i s t e n c e of d i v o r c e i n tiuo of them does 
n o t i n p r a c t i c e amount t o a c e r t a i n degree of p o l y -
gamy. Du r i n g 1978 and 1977 r e s p e c t i v e l y , f o r in s t a n c e , 
the r a t i o s of d i v o r c e / m a r r i a g e were i n Smeden 0,51 
and i n B r i t a i n 0.34, I n Sweden, among those d i v o r c e d 
i n 1978, two years l a t e r were 44 per cent' of the men 
and 34 per cent of the women e i t h e r r e - m a r r i e d or 
l i v i n g w i t h a new p a r t n e r . These i n d i v i d u a l s can then 
be expected t o leave a s i g n i f i c a n t l y g r e a t e r c o n t r i -
( l ) 1.011 f o r Sweden; 1.049 f o r Spain; 1.059 f o r Great 
B r i t a i n , 
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b u t i o n t o the p o p u l a t i o n ' s gene p o o l . I n order t o 
prove t h a t t h i s c o u l d a f f e c t the p h y s i c a l outlook of 
the p o p u l a t i o n , i t should have t o be shown t h a t t here 
e x i s t s a c o r r e l a t i o n between d i v o r c e and p h y s i c a l ap-
pearance. I n t h i s r e s p e c t , K i r k p a t r i c k and Cotton 
(1951) have found a p o s i t i v e a s s o c i a t i o n between m a r i -
t a l adjustment and p h y s i c a l a t t r a c t i v e n e s s , w i t h the 
g r e a t e s t weight on the female good l o o k s . Such an as-
s o c i a t i o n , p r o v i d e d w i t h the necessary steps ( d i v o r c e 
and new p a r t n e r s h i p ) , would seem t o lead to the spread 
of l e s s a t t r a c t i v e phenotypes i n the p o p u l a t i o n , unless 
some c o u n t e r b a l a n c i n g mechanisms were also i n v o l v e d , . 
2,b,1 and 2,b,2 must be r e j e c t e d as long as no s t a t -
i s t i c a l s u p p o r t i s p r e s e n t e d i n t h e i r f a v o u r . On the 
o t h e r hand, 2,b,3 may w e l l r e p r e s e n t p a r t of the s i t u a -
t i o n but t h e r e i s again no e x p e r i m e n t a l proof f o r i t . 
P r o v i d e d , however, t h a t r e q u i r e m e n t 2,b,3 was s a t i s -
f i e d , the d r i f t i n f r e q u e n c i e s t o which such s i t u a -
t i o n would l e a d , can e a s i l y be f o r e s e e n . 
But even i f i t i s e x t r e m e l y i n v o l v e d t o e s t a b l i s h 
the demographic i m p l i c a t i o n s o f any e v e n t u a l s e l e c t i v e 
t r e n d s i n m a t i n g , the e x i s t e n c e of such t r e n d s com-
bined w i t h non-random d i s t r i b u t i o n of phenotypes among 
the s e l e c t o r s , o t h e r f a c t o r s being n e u t r a l , may lead 
t o a r e - d i s t r i b u t i o n of phenotypes ( i f not gene f r e -
q u e n c i e s ) : i n c r e a s i n g the p r o p o r t i o n s of homozygotes 
f o r the genes i n v o l v e d ( p o s i t i v e a s s o r t a t i v e m a t i n g ) , 
or t h a t of h e t e r o z y g o t e s ( n e g a t i v e a s s o r t a t i v e mating). 
For i n s t a n c e , w i t h p e r f e c t a s s o r t a t i v e mating ( c o r r e -
l a t i o n between phenotypes of mated i n d i v i d u a l s , I'pp* 
equal + l ) , no dominance and complete h e r i t a b i l i t y , 
e q u i l i b r i u m i s not reached u n t i l heterozygotes e n t i r e -
l y d i s a p p e a r . I n p r a c t i c e , however, phenotypic c o r r e -
l a t i o n s above rpp=0,5 are r a r e i n human p o p u l a t i o n s 
and the p r a c t i c a l e f f e c t s of p o s i t i v e a s s o r t a t i v e 
mating are g r e a t l y a t t e n u a t e d ( S p u h l e r , 1972), With an 
rpp=0,5 and one p a i r o f genes i n v o l v e d , a f t e r an i n -
f i n i t e number of g e n e r a t i o n s , h e t e r o z y g o s i s i s only 
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reduced from 0,500 t o 0,333, and w i t h ten p a i r s , h e t -
e r o z y g o s i s i s reduced t o 0,476. P o s i t i v e a s s o r t a t i v e 
mating leads t o i n c r e a s e d v a r i a b i l i t y of the popu-
l a t i o n as a whole, w h i l e n e g a t i v e a s s o r t a t i v e mating 
reduces i t . 
I n an a t t e m p t t o e x p l o r e the e v e n t u a l e x i s t e n c e of 
s e l e c t i v e mating t r e n d s , i n d i v i d u a l s of B r i t i s h , 
Spanish and Swedish e x t r a c t i o n were asked, i n com-
b i n a t i o n w i t h the r e f l e c t a n c e t e s t , t o f i l l i n a form 
where one of the s e c t i o n s r e f e r r e d t o t h e i r p r e f e r -
ences i n terms of p i g m e n t a t i o n of the eyes, h a i r and 
s k i n i n t h e o t h e r sex (question 6 3 ) . The i n t e r m e d i a t e 
c a t e g o r y corresponds t o mixed to l i g h t brown and dark 
b l o n d , f o r eyes and h a i r . For the s k i n , i t was ex-
p l a i n e d as a n a t u r a l medium t o l i g h t b r u n e t t e com-
p l e x i o n , or - f o r l i g h t - h a i r e d people - a medium 
tanned s k i n . Some i n d i v i d u a l s would t i c k two a l t e r n a -
t i v e s , f o r i n s t a n c e , dark eyes and l i g h t eyes. I n such 
a case, 0.5 would tie scored i n each of those c a t e g -
o r i e s - i n s t e a d of 1, For the reasons i n d i c a t e d i n 
s e c t i o n I l l . l . b , the 2 / 4 - c r i t e r i o n has also been em-
plo y e d here. The frequency d i s t r i b u t i o n s f o r the 2/4-
samples f o l l o w those f o r the 'pure' samples so c l o s e -
l y t h a t , even t o the naked eye, they could be judged 
i d e n t i c a l . However, o n l y i n the Swedish case were the 
2 
r e q u i r e m e n t s necessary f o r a p p l i c a t i o n of the x - t e s t 
f u l f i l e d ( t a b l e \ / I I I - 2 , column l ) . Column I I shows' 
a l s o the f r e q u e n c i e s f o r the combined samples. 
The Swedish sample had the g r e a t e s t p r o p o r t i o n of 
persons w i t h o u t p r e f e r e n c e s ( i n d i f f e r e n t i s t s ) i n both 
sexes. Next come Spanish males, f o l l o w e d by B r i t i s h f e -
males, and l a s t come B r i t i s h males and Spanish females. 
D i f f e r e n c e s i n ' p r o p o r t i o n s of i n d i f f e r e n t i s t s are s i g -
n i f i c a n t when comparing n a t i o n a l i t i e s , at each charac-
t e r under. c o n s i d e r a t i o n , and n o n - s i g n i f i c a n t when com-
p a r i n g c h a r a c t e r s w i t h i n each sample. W i t h i n each 
sample and f o r each c h a r a c t e r , d i s c r e p a n c i e s i n f r e -
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Table T I I I - 2 . Bating pfefereneee In Sweden, Spain and Britain, 
and their aignificanee. 
In coliann I , comparisons between 'pure' ( f i r s t row) and '2/4' 
sanples (second row): (upper row) and p (lower row). 
In coluan I I , • l ^ l f i e a a e e ef t h e preferences - aaon^ males 
(upner rows) and feaales (lower rows): ( f i r s t figure) and 
p (eecond figure). On the right hand side, heterogeneity of the 
•ample (x2, p ) . 
In coluan I I I , between-sei comparison of Bating preferences -
categories 2 and 4 pooled together for mateye and mathair, ca-
tegories 1 and 2 pooled together for matskln. 
Legend. 
1. Kat.eye, mathair and aatskini 
0 = no preferences; 3 = both 1 and 2j 5 = both 1 and 4; 
6 = both 2 and 4} 1, 2 and 4 ae in table T I I I - 3 . 
1. 2 and 4 as in table TIII-3'. 
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quencies f o r i n d i f f e r e n t i s t s and n o n - i n d i f f e r e n t i s t s 
are s i g n i f i c a n t i n a l l cases, except f o r B r i t i s h males 
w i t h v a r i a b l e mateye. I n a l l cases, except among the 
B r i t i s h , the p r o p o r t i o n s of i n d i f f e r e n t i s t s f a l l when 
c o n s i d e r i n g p r e f e r e n c e s f o r s k i n c o l o u r . 
I n the Swedish and B r i t i s h samples, men are more 
c o n s e r v a t i v e than women i n t h e i r t a s t e s f o r a l l t h r e e 
c h a r a c t e r s ; t o a g r e a t e r e x t e n t than women they tend 
t o l i k e the l i g h t eyed, l i g h t h a i r e d and l i g h t com-
p l e x i o n e d i n d i v i d u a l s . Among Spaniards the reverse 
s i t u a t i o n predominates ( t a b l e \llll-2, column I I I ) . 
D i f f e r e n c i e s between sexes are s i g n i f i c a n t ' i n a l l cases, 
e x c e p t among the B r i t i s h - mathair (p=0,130), matskin 
(p=0,459) - and among Spaniards - mateye ( 0 , 1 0 0 ) , mat-
s k i n ( 0 , 0 9 4 ) , 
As f o r the t r e n d s themselves, a l t h o u g h Swedish males 
- f o r eyes and h a i r - tend t o f a v o u r the n a t i o n a l type, 
t h e y a l s o f e e l very a t t r a c t e d by the op p o s i t e pigmen-
t a t i o n - dark eyes,'dark h a i r . D i f f e r e n c e s between pre-
f e r e n c e s ( c o l , I I ) a r e , i n f a c t , n o n - s i g n i f i c a n t (p= 
0,317, eyes; p=0.330. h a i r ) , Swedish females show a 
c l e a r l y s i g n i f i c a n t p r e d i l e c t i o n f o r dark-eyed i n d i -
v i d u a l s (p=0,005), and c l o s e - t o - s i g n i f i c a n t p r e f e r e n c e 
f o r d a r k - h a i r e d i n d i v i d u a l s (p=0,075). Both sexes, 
c l e a r l y f a v o u r medium pigmented s k i n s (p=0,000) and, 
a f t e r , l i g h t s k i n s b e f o r e dark. T h i s l a s t discrepancy 
( l i g h t vs. d a r k ) i s only s i g n i f i c a n t among males (p= 
0.000). 
Spanish males and females s i g n i f i c a n t l y f a v o u r 
l i g h t eyes be f o r e dark (p=0.000, males; p=:0.004, f e -
m a l e s ) . S i g n i f i c a n t l y a f t e r l i g h t , males p r e f e r medium-
c o l o u r e d eyes (p= 0 , 0 2 l ) w h i l e females p r e f e r dark. Men 
f a v o u r medium h a i r f i r s t and then dark h a i r ( t h e order 
does not a t t a i n s i g n i f i c a n c e , t h o u g h ) . A f t e r t h a t 
domes l i g h t ( n , s . w i t h r e s p e c t t o dark, s. w i t h respect 
t o medium). Spanish females, on the ot h e r hand, p r e f e r 
dark h a i t , then medium and then l i g h t . The order i s 
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s i g n i f i c a n t a l l a l o n g . Both sexes show a p r e d i l e c -
t i o n f o r medium pigmented s k i n s , f o l l o w e d by dark and 
then l i g h t s k i n s among females ( o r d e r s i g n i f i c a n t a l l 
a l o n g ) , and by dark and l i g h t t o g e t h e r ( n , s , o r d e r ) 
among males, 
B r i t i s h males p r e f e r dark and medium eyes e q u a l l y 
and then l i g h t , but d i f f e r e n c e s are not s i g n i f i c a n t . 
Females p r e f e r dark eyes f i r s t , then medium, then l i g h t ; 
d i f f e r e n c e s i n order are only s i g n i f i c a n t among the 
f i r s t two (p=0.004). Males i n our sample favour dark 
h a i r b e f o r e l i g h t , and l i g h t b e f o r e medium, but only 
the d i f f e r e n c e dark vs. medium i s s i g n i f i c a n t (p= 
0.034). Females fancy f i r s t dark and then medium, 
f o l l o w e d by l i g h t . Order i s o n l y s i g n i f i c a n t between 
the two f i r s t c h o i c e s . L i k e Swedes and Spaniards, 
males and females tend t o l i k e best medium col o u r e d 
s k i n s (p=0.002, males; p=0,000, females) f o l l o w e d by 
l i g h t and dark i n the males and by dark and l i g h t i n 
the females. The o r d e r , between the two l a s t o p t i o n s , 
i s n o t s i g n i f i c a n t . 
The most f a v o u r e d phenotypes, obtOjined by combining 
the answers as g i v e n by those t e s t e d , correspond t o 
what c o u l d be expected on the b a s i s of p r o b a b i l i t i e s 
( t a b l e \IIll-3, a t o c ) . The samples a r e , indeed, too 
s m a l l t o d e t e c t any extremely unusual p r e f e r e n c e s . 
(Here the 3 / 4 - c r i t e r i o n has been f o l l o w e d . ) A f t e r the 
'harmonic' combinations ( l i g h t eyes and l i g h t h a i r , 
dark eyes and-dark h a i r ) , Swedish males f a v o u r females 
w i t h l i g h t eyes and l i g h t brown h a i r , w h i l e females 
p r e f e r the 'disharmonic' types ( l i g h t h a i r w i t h dark 
eyes, dark h a i r w i t h l i g h t eyes) i n a p p r o x i m a t e l y 
e q u a l p r o p o r t i o n s . Among Spaniards, owing t o recombi-
n a t i o n dynamics, the most popular type f o r males seems 
t o be a female w i t h l i g h t brown h a i r and l i g h t brown 
or mixed eyes, c l o s e l y f o l l o w e d by l i g h t brown h a i r 
w i t h l i g h t eyes; whereas among females, men w i t h l i g h t 
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(>) 
fmble T I I I - 9 * . •ating preferences i s Sveden (phetiotTpee). 
1. Mateye, u t h a i r aad satekln: 
0 • no preferences. 
2. Kateye: ~ 
1.= darker than category 2t 4 
2 s light brown to Blzed eyes. 
3. i a t h a l r : 
1 " darker than category 2, 4 
2 c l i ^ h t brown (m-dark blond) 
4. Matekin: 
1 « darker than category 2. 4 „ 
2 = Bedium to light brunette, •edluB tanned akin (for 
light-haired people). 
2, lighter thar. category 
lighter than category 
lighter than category 2, 
2. 
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m Ufk (5/4) 
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(b) 
Table TIII-3b. •ating preferences in Spain (phenotyTies). 
1. lateye, aathair and aatakia: 
0 « no preferences. 
X. C a t e y e : 
1.« darker than categoiy 2, 4 
2 e light brown to aized eyes. 
3. Bathair: 
1 E darker than category 2, 4 
2 « llnht brown {«-dark blond) 
4. Batakin: 
1 » tarker than category ?, 4 ^ 
2 » aediuB to light brunette, aediuB tanned akin (for 
light-hairad paople). 
l i g h t e r t h a r c a t e g o r y 2, 
l i g h t e r t h a n c a t e g o r y 2, 
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1 0 0 . 0 45 
(c) 
Table VIII-5C. Bating preferences in Great Britain (phenotypes). 
lag«^. 
1. Mateye, aathair and aatskln: 
0 K ao preferences. 
Z . Kateye: 
1.« darker than category 2, 4 = lighter thar. category 2, 
2 B light brown to alzed eyes. 
3. i a t h a i r : 
1 K aarlter than category 2, 4 » lighter than category 2, 
2 B llKht brown (a- dark blond). 
1 « tarker than category 2, 4 • lighter than category 2, 
2 « aediuD to light brunette, ••diux tanned skin (for 
light-haired people). 
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Table T I I I - 4 . ABSociatione between skin (uiaS) and natskin. 
359 
S U B F I L E S P A 
0 1 A 9 
B Y W A T S K I N 
S E X 
W I T H A 1 
A S P A 
k N A L V S 1 S O f V A R I A N C E 
S O U R C E O F V A R I A T I O N 
. sun O F 
S Q U A R E S D F 
. M E A N 
SOtlARE 




M A I N E F F E C T S 
M A T S K I N 




« 6 . 9 5 6 
2 - W A Y I N T E R A C T I O N S 
M A T S K I N S E X 1:8tt . 1 m 
E X P L A I N E D 3 5 1 . 2 U 6 5 8 . 5 3 6 
R E S I D U A L 3 1 2 0 . 5 4 9 196 i 5 - , 9 2 i 
T O T A L 3 4 7 U 7 6 3 202 i 7 . l 8 7 
|.03i 
m 
3 . 6 7 7 0 . 0 0 2 
C O V A R I A T E R A W R E G R E S S I O N C O E F F I C I E N T 
A1 0 . U 7 
2 4 2 C A S E S W E R E P R O C E S S E D . 
3 9 C A S E S ( 16. '1 P C T ) W E R E M I S S I N G . 
r u L T : P L ? 
U I A 9 
BY MATSKIN 
C L A S S I F I C A T I O N A N A L Y S I S • < • • 
..... Vl'^ JT,-. 
6 K A N C MEAN = 6 1 . 7 3 
V A R I A B L E C A T E G O R Y 




M U L 7 I ? L E R SQUARED 
M U L T I P L E A 
4 2 




• U N A D J U S T E D 
D E V ^ N ETA 
0 . 0 7 
•8 : 9 7 8 2 
0 . 2 2 
A D J U S T E D F0» 
I N D E P E N D E N T S 
D E V ' N S E T A 
C O V A R I A T E S 
D E V ' ^ N S E T A 
) . 06 
• 1 . 0 0 
0 . 8 4 
0 . 0 7 
0 . 2 2 
9 
3 
Table T I I I - 4 . Associations between skin ( u i a 9 ) and matskin. 
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T a b l e T I I I - 4 . A s s o e i a t i o n e between s k i n ( u i a 9 ) and m a t s k l n . 
361 
l u i t h dark eyes and dark h a i r , and even l i g h t eyes 
combined w i t h medium h a i r , seem t o be most f a n c i e d , 
B r i t i s h males and females mostly f a v o u r 'harmonic' 
specimens of the o t h e r sex - l u i t h dark eyes and 
h a i r - c l o s e l y follou/ed i n the case of men by types 
combining medium eyes and l i g h t h a i r or l i g h t eyes 
u/ith l i g h t h a i r . 
So f a r f o r the t r e n d s and t h e i r p r o p o r t i o n s . I s 
t h e r e any evidence f o r the e x i s t e n c e of non-random 
d i s t r i b u t i o n of phenotypes among the s e l e c t o r s ? I n 
o t h e r u/ords, i s t h e r e any s o r t of a s s o r t a t i v e mating 
i n t he p o p u l a t i o n s under study? Table U I I I - 5 shouis 
the rank and b i s e r i a l r^^ c o r r e l a t i o n c o e f f i c i e n t s be-
tween the p h e n o t y p i c v a r i a b l e s (eye, h a i r , s k i n ) and 
the mating v a r i a b l e s . C a t e g o r y 0 ( i n d i f f e r e n t i s t s ) has 
been excluded from the mating v a r i a b l e s and ' s k i n ' i s 
r e p r e s e n t e d by the r e f l e c t a n c e r e a d i n g s ( a t the n i n t h 
f i l t e r ) c o r r e c t e d f o r t h e i r p r e d i c t o r s . The coef-
f i c i e n t u;as o b t a i n e d from the MCA of an a n a l y s i s of 
v a r i a n c e ( t a b l e a t o c) between uia9 ( c o r -
r e c t e d ) , as dependent v a r i a b l e , and matskin p l u s 
u i a 9 ' s p r e d i c t o r s as f a c t o r s and c o v a r i a t e s . 
I n t a b l e U I I I - ^ , n e i t h e r matskin's nor the i n t e r -
a c t i o n e f f e c t s were s i g n i f i c a n t . I n order t o o b t a i n 
more proper c o r r e l a t i o n c o e f f i c i e n t s than the beta 
r e g r e s s i o n s o f f e r e d by the a n a l y s i s of v a r i a n c e sub-
program, i t s o u t - p u t has been rearranged i n t o a di c h o t ^ 
omy (1+2 vs, 4) and the b i s e r i a l c o e f f i c i e n t has been 
c a l c u l a t e d i n s t e a d ( t a b l e V I I I - A ) , r ^ i s p o s i t i v e f o r 
Swedes and n e g a t i v e f o r Spaniards and the B r i t i s h , A l l 
v a l u e s are s m a l l ( h i g h e s t rj^=0.11Q, Swedes) and non-
s i g n i f i c a n t . 
For eyes and h a i r , c o r r e l a t i o n s w i t h mateye and 
m a t h a i r , are a i l p o s i t i v e , w i t h the f o l l o w i n g excep-
t i o n s : Swedish males — e y e s ( r = -0,004), Spanish f e -
s 
males — h a i r ( r = -0,098), B r i t i s h males — e y e s ( r = 
s ,s 
-0.218) and B r i t i s h females - - h a i r ( r = -0,196). A l l 
s 
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c o e f f i c i e n t s are weak ( s t r o n g e s t i s -0.218, B r i t i s h 
^ --eyes) and no c o r r e l a t i o n i s s i g n i f i c a n t , except 
t h a t f o r h a i r - m a t h a i r among Spanish males ( r =0,211 ) , 
A l l i n a l l , i t must be concluded t h a t - w i t h the a f o r e -
mentioned e x c e p t i o n - t h e r e i s no evidence of any s i g -
n i f i c a n t l y i m p o r t a n t a s s o r t a t i v e mating t r e n d s i n the 
t h r e e p o p u l a t i o n s under c o n s i d e r a t i o n . The e x i s t e n c e 
of w e l l d e f i n e d mating p r e f e r e n c e s seems to be broad-
l y independent on t h e i r possessors' p i g m e n t a t i o n . I n -
deed, i t must be borne i n mind t h a t , w i t h g r e a t e r 
sample s i z e s , some cases might a t t a i n s i g n i f i c a n c e -
namely Spanish females ( e y e s ) , B r i t i s h males (eyes, 
h a i r ) and females ( h a i r ) - but t h a t must remain f o r 
the moment as an u n c e r t a i n p o s s i b i l i t y . For a l l o t h e r 
cases, e s p e c i a l l y among Swedes, the non-existence o f ' 
a s s o r t a t i v B mating seems d i f f i c u l t t o r e f u t e . I n f a c t , 
the n u m e r i c a l value of the c o e f f i c i e n t s seems t o de-
crease w i t h i n c r e a s i n g s i z e of the sample, a phenom-
enon o c c a s i o n a l l y fdund b e f o r e when the B r i t i s h sample 
was i n v o l v e d (which might or might not be due t o 
sampling h a z a r d s ) . 
Thus, the e x i s t e n c e of a l i k i n g f o r a southern 
European type of p i g m e n t a t i o n seems t o be a w e l l estab-
l i s h e d f a c t i n the p o p u l a t i o n s under study, o f t e n -
e s p e c i a l l y among females•- w i t h a b s o l u t e p r e f e r e n c e 
over o t h e r t y p e s , A s t r o n g element of a t t r a c t i o n f o r 
the e x o t i c or uncommon i s probably i m p l i e d i n the p i c -
t u r e , and the f a c t t h a t Spaniards have - t o a minor 
e x t e n t - a l s o i n c l u d e d an i n f r e q u e n t element i n t h e i r 
m ating p r e f e r e n c e s would r a t h e r c o n f i r m than deny t h i s 
c o n j e c t u r e . Whether these p r e f e r e n c e s are somehow r e -
s t r a i n e d by m e n t a l l y 'housing' them i n a n a t i o n a l mate 
or n o t i t must remain a matter of c o n j e c t u r e , since 
no i n f o r m a t i o n on t h a t s u b j e c t was c o l l e c t e d , but t h a t 
might w e l l be the case w i t h a c o n s i d e r a b l e p r o p o r t i o n 
of i n f o r m a n t s . Are these t r e n d s very old? Although 
l i t e r a t u r e and t r a v e l l i n g , and t o a l e s s e r e x t e n t a r t , 
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may have helped i n making south European o u t l o o k s 
p h y s i c a l l y a t t r a c t i v e i n c o u n t r i e s l i k e Siueden, where 
they - u n t i l the r e c e n t massive i n f l u x of immigrants -
luere e x t r e m e l y s c a r c e , o r d i n a r y people had t o luait f o r 
the advent of more p o w e r f u l media - namely T\J and f i l m -
. b e f o r e having a chance t o become acquainted w i t h them. 
I n l ands l i k e Spain, or even B r i t a i n , t h a t should not 
have been necessary, but i n Siueden the pigmentary p r e -
f e r e n c e s e l i c i t e d by the q u e s t i o n n a i r e may l u e l l not be 
o l d e r than the century.. 
The Siuedish sample i s r e p r e s e n t a t i v e of the s o c i a l 
s t r a t i f i c a t i o n of a c o u n t r y mhere most of the popu-
l a t i o n i s middle c l a s s , but the Spanish and B r i t i s h 
samples are m a i n l y c o n s t i t u t e d by s t u d e n t s . To what 
e x t e n t t h i s may have a f f e c t e d the r e s u l t s i s d i f f i c u l t 
t o t e l l , but i t should presumably be expected t h a t the 
mass of the p o p u l a t i o n i s more c o n s e r v a t i v e i n t a s t e . 
T h i s might s i g n i f i c a n t l y a f f e c t the outcome of the 
experiment i n the case of the Spaniards, perhaps 
a t t e n u a t i n g t h a t p r e f e r e n c e f o r l i g h t eyes, but not 
n e c e s s a r i l y so i n the case of the B r i t i s h , where h a i r 
c o l o u r under the l i g h t brown v a r i e t y i s i n many areas 
almost as abundant as a l l the r e s t t o g e t h e r . Indeed 
Spanish f o l k s o n g s and popular poetry almost w i t h o u t ex-
c e p t i o n w i t n e s s a seemingly very o l d p r e f e r e n c e f o r 
the n a t i o n a l t y p e . 
There i s more c l e a r evidence of a change i n f a s h i o n 
i n the f i e l d of s k i n c o l o u r preferences. During the 
n i n e t e e n t h c e n t u r y and up to the f i r s t decade of our 
c e n t u r y , many Europeans would go t h r o u g h p h y s i c a l p a i n 
i n o r d e r t o keep t h e i r e p i d e r m i s hidden from the sun, 
not seldom as a token of c l a s s a f f i n i t y . Sunburn was 
m e n t a l l y connected w i t h lower c l a s s and heavy p h y s i c a l 
work o u t d o o r s . The phenomenom was e s p e c i a l l y i n t e n s i v e 
i n non-Mediterrenean Europe, where pale complexions 
were a l r e a d y endemic. The way to a change i n f a s h i o n 
was paved a t the t u r n of the c e n t u r y by the c o n f i r -
mation i n science of the f o l k b e l i e f i n the t h e r a p e u t i c 
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pou/sr of s u n l i g h t , the r a p i d spread over Europe of 
p l a c e s i n t e n d e d to e x t r a c t medical b e n e f i t s of the 
nem knoiuledge - i n luhich the I c e l a n d i a n N.R. Finsen 
ujas a pioneer - and the neuj minds i n a r t and l i t e r a -
t u r e ( W a l d e t o f t , 1983), The neuj ideas luere e f f e c t i v e -
l y d i f f u s e d by neiuspapers and books. Healthy, hand-
some young men and ujomen b a t h i n g i n summer landscapes 
became popular m o t i f s i n p a i n t i n g , w h i l e n a t u r i s t 
movements t r i e d t o put the neuj ideas i n t o s y s t e m a t i c 
p r a c t i c e . I n 1896 Finsen opened i n Denmark h i s famous 
i n s t i t u t e f o r medical therapy l u i t h a r t i f i c i a l l y p r o -
duced UU-rays, and i n 1903 Dr. R o l l i e r founded i n • 
S i u i t z e r l a n d the f i r s t a n t i - t u b e r c u l o s i s sanatorium. 
By the 20's the f i r m s mhich had been m a n u f a c t u r i n g 
creams f o r keeping pale s k i n s l u h i t e , had gone over t o 
the p r o d u c t i o n of t a n n i n g l o t i o n s . 
I t i s too soon t o p r e d i c t ujhat can become of these 
t r e n d s and t h e i r chances f o r s i g n i f i c a n t l y to a f f e c t 
the genotype f r e q u e n c i e s f o r p i g m e n t a t i o n . A g l o b a l 
s h i f t i n gene f r e q u e n c i e s luould r e q u i r e as shown, 
a p a r t from the e x i s t i n g s e l e c t i v e mating t r e n d s , a 
s e r i e s of r e q u i r e m e n t s luhose f u l f i l m e n t , a l t h o u g h sus-
p e c t e d i n c e r t a i n cases, i s d i f f i c u l t t o prove and 
e v a l u a t e , p l u s the e x i s t e n c e , of course, of adequate 
amounts of the requested g e n e t i c m a t e r i a l . For a mere 
r e d i s t r i b u t i o n of genotype f r e q u e n c i e s the e x i s t e n c e 
of a s s o r t a t i v e mating i s necessary. I t s p r o b a b i l i t i e s 
f o r success a r e , hoiuever, h e a v i l y reduced by decreasing 
s i z e of the p h e n o t y p i c c o r r e l a t i o n and i n c r e a s i n g s i z e 
of t he number of gene p a i r s i n v o l v e d . I t seems then -
even w i t h o u t being able t o e v a l u a t e a l l the d i f f e r e n t 
parameters i n v o l v e d i n the c a l c u l a t i o n s ( S p u h l e r , 
1972) - t h a t l i t t l e can be expected from the a s s o r t a -
t i v e mating process. A more r e a l i s t i c p o s s i b i l i t y 
m i g h t l i e w i t h s e l e c t i v e mating t r e n d s . Here, f o r a l l 
p r e f e r e n c e s i n v o l v i n g l e s s common appearances, the 
t h r e e c o u n t r i e s are r a t h e r badly served by the n a t i o n a l 
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s t o c k . Thus, supposing the most ' d e v i a n t ' aspects of 
these t r e n d s do not disappear too soon, t h e i r main 
p o s s i b i l i t y f o r s i g n i f i c a n t l y to i n f l u e n c e the gene 
p o o l may l i e i n the d i f f e r e n t i a l a b s o r p t i o n of f o r e i g n 
elements. B r i t a i n and Siueden haue the best expectancy 
i n t h a t r e s p e c t , since they have noiu f o r s e v e r a l de-
cades been open t o massive i m m i g r a t i o n , but the 
phenomenon i s l i t t l e known i n our time i n Spain. Here, 
. hoiuever, subsequent t o the i n c r e a s i n g opening of the 
c o u n t r y and the r i s i n g standard of economic and s o c i a l 
c o n d i t i o n s , a c e r t a i n amount of miscegenation - prob-
a b l y a token of more t o come - has been t a k i n g p l a c e , 
m a i n l y along the coas t s and i n the g r e a t c i t i e s . 
The impact of i m m i g r a t i o n should be e s p e c i a l l y s t r o n g 
i n Su/eden and Spain, where most incomers would l i k e l y 
t u r n out t o be r e s p e c t i v e l y darker and l i g h t e r . Sweden 
i s a l r e a d y e x p e r i e n c i n g i t s e f f e c t s . Immigrant workers 
f 1) 
and p o l i t i c a l r e f u g e e s , amounting^ ' t o between one 
eighth and one n i n t h "of the- c o u n t r y ' s t o t a l p o p u l a t i o n , 
some of them - as i n B r i t a i n - c o l o u r e d ( t a b l e \ J l l l - 6 ) , 
most of them i n f u l l p r o c r e a t i v e age^^^, come to the 
c o u n t r y alone or w i t h t h e i r f a m i l i e s and many stay^"^^, 
T h e i r unions w i t h o t h e r f o r e i g n e r s are on average much 
more f e r t i l e than those between Swedes ( t a b l e V I I I - ? ) , 
p r o d u c i n g many d a r k l y pigmented Swedes. Many more en-
(4) 
gage i n unions w i t h the l o c a l p o p u l a t i o n ^ , According 
t o a rough c a l c u l a t i o n , these f o r e i g n e r s and t h e i r o f f -
s p r i n g may be expected t o p r o v i d e about one t h i r d of 
t h e e x o t i c p a r t n e r s p r e f e r e d by many Swedes. 
( 1 ) Together w i t h second-generation immigrants and h y b r i d s . 
(2) A c c o r d i n g t o a census from 1979, f o r i n s t a n c e , around 
60 per cent of the p o p u l a t i o n of f o r e i g n e x t r a c t i o n was 
between ages 20 and 44. 
( 3 ) Among those immigrated between the years 1968 and 1978, 
around 50 per cent were s t i l l i n the c o u n t r y by the end 
of t he p e r i o d , 
(4) Among a l l matrimonies c e l e b r a t e d d u r i n g 1979 where at 
l e a s t one of the c o n t r a c t i n g p a r t i e s had non-Swedish, 
c i t i z e n s h i p , mixed marriages c o n s t i t u t e d 71 per dent of 
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I n agreanent w i t h the r e s u l t s from a numbar of i n -
v e s t i g a t i o n s , w e l l d e f i n e d p r e f e r e n c e s f o r c e r t a i n 
p h y s i c a l t r a i t s have been demonstrated i n t'r-s f i e l d 
of p i g m e n t a t i o n . Thus, a c l e a r p r e d i l e c t i o n f o r a 
r a t h e r pigmented phenotype has been e l i c i t e d among 
females i n the three c o u n t r i e s under s t u d y , ij j h i l e the 
males are e i t h e r i n f a v o r of the l o c a l modal type 
(Swedes) or tend s l i g h t l y to depart from i t ( B r i t i s h 
and S p a n i a r d s ) , i n the d i r e c t i o n of what i n asch case 
c o n s t i t u t e s the most e x o t i c phenotype. Wo t r a c e s , 
however, of a s s o r t a t i v e mating c o u l d be demonstrated, 
except f o r one t r a i t among Spanish males. Yet, the 
phe n o t y p i c c o r r e l a t i o n i s s m a l l and, presumably, no 
s i g n i f i c a n t d r i f t i n e i t h e r gene or phenotype frequen-
c i e s can be expected, a t l e a s t i n a for e s e e a b l e f u t u r e , 
even a f t e r f u l f i l m e n t of a l l o t h e r requirements. Exact 
p r e d i c t i o n i s , however, i m p o s s i b l e s i n c e the assortment 
c o e f f i c i e n t s employed here are not d i r e c t l y comparable 
w i t h Spuhler's, owin'g t o t h e i r d i f f e r e n t s t a t i s t i c a l 
n a t u r e , and since the exact number of genes i n v o l v e d 
i n the m a n i f e s t a t i o n of the t r a i t s under co n s i d e r a -
t i o n i s s t i l l unknown. On the o t h e r hand, c l e a r p r e -
f e r e n c e s f o r e x o t i c p i g m e n t a t i o n s may l e a d , provided 
the adequate s o r t of p a r t n e r s i s made a v a i l a b l e by 
c o n t i n u e d i m m i g r a t i o n or whatever, i n the course of 
time t o a s h i f t i n gene f r e q u e n c i e s . 
CHAPTER IX 
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I X . 1 . SAMPLES AND METHODS 
The p o p u l a t i o n s examined i n t h i s s e c t i o n range 
across a wide g e o g r a p h i c a l area, from Northern Europe 
t o t h e Mediterranean and from t he B r i t i s h I s l e s t o 
Nor t h C e n t r a l Europe. U n f o r t u n a t e l y no data from . 
Eastern Europe were a v a i l a b l e t o the author at the 
t i m e o f w r i t i n g . Thus, t h i s d e n s e l y , p o p u l a t e d p a r t 
o f Europe i s unrepresented. I n a d d i t i o n , South 
. Western and C e n t r a l Europe are s c a r c e l y covered. A 
l i s t o f the p o p u l a t i o n s under c o n s i d e r a t i o n ( w i t h r e -
f e r e n c e s ) i s given i n appendix E. Some of them are 
not European but have been i n c l u d e d f o r purposes of 
comparison. 
Since most data come from a r t i c l e s by d i f f e r e n t 
a u t h o r s , t h e philosophy behind each i s e n t i r e l y i n -
d i v i d u a l and so are the methods and t h e i n s t r u m e n t s 
u t i l i z e d . I n a work of t h i s k i n d t h e c o m p l i c a t i o n s 
r a i s e d by t h i s d i v e r s i t y o f methodology f a l l i n t o 
one o f the f o l l o w i n g groups: l ) t e c h n i c a l problems 
and 2) s t a t i s t i c a l problems. Under t he f i r s t heading 
are i n c l u d e d those d e r i v e d from t h e use of d i f f e r e n t 
f i l t e r s and sp e c t r o p h o t o m e t e r s , d i f f e r e n t s tandard 
s u r f a c e s and by t a k i n g t h e measurements on non-
comparable s i t e s of the s k i n . Under t he second 
heading are considered the problems d e r i v i n g from 
sample s i z e , f u l f i l m e n t o f s t a t i s t i c a l requirements 
and o t h e r s . 
The data t o be analysed were a l l taken by means 
o f E,E,L,, i n s t r u m e n t s using two d i f f e r e n t s e t s of 
f i l t e r s : t h e 425-545-685 s e t and the 430-550-685 s e t , 
a l t h o u g h minor v a r i a t i o n s and wavelengths o f f i l t e r s 
one t o nine a l s o take place w i t h i n t h e second s e r i e s . 
The problems r a i s e d by the d i v e r s i t y of s p e c t r o -
photometers, f i l t e r s and s t a n d a r d s u r f a c e s have been 
commented upon i n more d e t a i l elsewhere (FernSndez, 
• i n p r i n t ) . This and o t h e r i r r e g u l a r i t i e s have, w i t h i n 
r e a son, been i g n o r e d i n order t o avo i d excessive r e -
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d u c t i o n o f t h e amount of a v a i l a b l e data. I t must be 
borne i n mind, however, t h a t some m i s - p o s i t i o n i n g of 
p o p u l a t i o n s can i n consequence a r i s e and t h a t , even 
i f t h i s . i u o u l d not be expected t o be major, t h e r e i s 
enough ground here t o q u e s t i o n the whole i d e a o f 
i n t e r p o p u l a t i o n comparisons as long as t h i s source 
of s p u r i o u s v a r i a t i o n i s not brought under c o n t r o l . 
No P h o t o v o l t spectrophotometers have been used i n 
s t u d i e s o f European p o p u l a t i o n s i n c l u d e d i n t h i s 
. Magnesium carbonate has probably 
been used i n a l l cases as standard ' w h i t e ' f o r c a l i -
b r a t i o n u/ith an e x c e p t i o n - Wassermann's South 
A f r i c a n s , u/here magnesium oxide served. This i s how-
ever no more th a n a guess si n c e some authors do not 
mention t h e m a t t e r at a l l . 
Some d a t a , p o t e n t i a l l y i n t e r e s t i n g i n t h i s con-
t e x t , were not i n t e r - c o m p a r a b l e w i t h t h e r e s t due t o 
the d i v e r s i t y o f t h e s k i n areas s e l e c t e d f o r measure-
ment. Because o f t h i s , a l l of C o r r e n t i ' s and B a r n i " 
c o t ' s d a t a and p a r t of R i j n - T o u r n e l ' s data were of 
no r e l e v a n c e a t a l l f o r t he aims of t h i s s e c t i o n . 
Perhaps i t s h o u l d be mentioned here t h a t B a r n i c o t ' s 
r e s u l t s (1958) - measurements taken at t h e forearm -
have been n e g l i g e n t l y compared by a number of i n -
v e s t i g a t o r s w i t h t h e i r own sample means - re a d i n g s 
t a k e n a t t h e upper arm. 
There i s no g e n e r a l l y accepted methodology f o r 
d e a l i n g u/ith t h e a n a l y s i s of data. Several t r e a t m e n t s 
have been proposed. H a r r i s o n & Owen (1956/7; 1964) 
found t h a t : l ) i n v i t r o t h e r e c i p r o c a l o f the r e -
f l e c t a n c e v a l u e s at long wavelengths ( s p e c i a l l y at 
655 nm and 685 nm) i s l i n e a r l y p r o p o r t i o n a l t o the 
c o n c e n t r a t i o n o f melanin and, ac c o r d i n g t o the same 
a u t h o r s , i s not s i g n i f i c a n t l y a l t e r e d by v a r i a t i o n s 
i n t h e presence of blood or b i l e underneath. For t h e 
o t h e r f i l t e r s t h i s r e l a t i o n s h i p holds o n l y a t lower 
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c o n c e n t r a t i o n s of melanin, 2) The r e l a t i o n s h i p be-
tween r e f l e c t a n c e readings at 425, 545 and 685 nm, 
which i s c u r v i l i n e a r , t u r n s out t o be l i n e a r when 
p l o t t e d under the form ^°9iof^425» ^545 a n t i l o g ^ ^ 
'^685' more advantage was claimed by H a r r i s o n & 
Ou/en f o r t h : i r method: t h a t a d d i t i v e n e s s of genie 
a f f e c t s i s more c l e a r l y revealed t h a t way. One 
l i m i t a t i o n , however, according t o t h e author's own 
e x p e r i e n c e , l i n k e d t o - at l e a s t - t h e l o g a r i t h m i c 
t r a n s f o r m a t i o n , i s t h a t i t t o t a l l y d i s t o r t s t h e 
shape o f t h e d i s t r i b u t i o n curves, so t h a t p a r a m e t r i c 
s t a t i s t i c s can no l o n g e r be a p p l i e d . I n support o f 
H a r r i s o n & Owen's ob s e r v a t i o n s about t h e r e l a t i o n -
s h i p between melanin c o n c e n t r a t i o n s and r e f l e c t a n c e s 
at f i l t e r s 608 and 609 are the experiments of Harmse 
( 1 9 6 4 ) , Walsh (1963), Lee et a l , (1959) and Jansen 
( 1 9 5 3 ) . 
Other methodologies (Tobias, 1961; H u i z i n g a , 1968; 
K a l l a , 1970) have a l s o been proposed, t o be a p p l i e d 
t o t h e e v a l u a t i o n o f t a n n i n g . They are o f no r e l -
evance i n t h i s c o n t e x t , 
A Few a u t h o r s have employed the t r i - s t i m u l u s f i l -
t e r s and t h e t h r e e I , C I , s p e c i f i c a t i o n s (dominant 
w a v e l e n g t h , p u r i t y and luminance), (Weiner, 1951; 
Das 4 Mukherjee, 1963), which should p h y s i c a l l y be 
t h e most i n f o r m a t i v e and accurate procedure t o charac-
t e r i z e t h e a c t u a l average c o l o u r o f a p o p u l a t i o n . The 
arguments f o r and a g a i n s t t h i s methodology have been 
o u t l i n e d i n s e c t i o n 1,5. More r e c e n t l y , Leguebe (1976 
a,b; 1977 a; 1979 a,b) has examined s e v e r a l popu-
l a t i o n s by means of f a c t o r a n a l y s i s and p r i n c i p a l 
component, a n a l y s i s r e a c h i n g some i n t e r e s t i n g r e s u l t s 
(Leguebe, 1979 b ) , Leguebe (1979 a) has shown t h a t 
l i m i t i n g t h e measurements t o f i l t e r 609 - or even t o 
f i l t e r s 6 0 1 , 605 and 609 - leads t o i g n o r i n g a non-
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n e g l i g i b l e source of v a r i a b i l i t y and t o misspending 
i t s d i s c r i m i n a t i o n power. I n f a c t a d i s c r i m i n a n t 
a n a l y s i s a p p l i e d t o f i v e w i d e l y d i f f e r e n t groups 
- Whites, North A f r i c a n s , Vietnamese, Bushmen and 
Negroes - accepted f i r s t f i l t e r s 604, 608 and 607 
( i n t h a t o r d e r ) w h i l e l o o k i n g f o r the optimum d i s -
c r i m i n a n t c o m b i n a t i o n . This c a s t s doubt on the con-
venience of using 601, 605 and 609 as a s i m p l i f i e d 
s u b s t i t u t e f o r the n i n e f i l t e r s . 
P a r t o f the m e t h o d o l o g i c a l d i s c r e p a n c i e s i s no 
doubt generated by t h e d i v e r s i t y o f pursued o b j e c t s , 
but a g r e a t deal d e r i v e s from our d e f i c i e n c i e s i n 
knowledge of whatever u n d e r l i e s the d i v e r s i t y o f 
c o l o u r . When f o r i n s t a n c e p o p u l a t i o n s are c o l l a t e d 
by t h e i r means and s t a n d a r d d e v i a t i o n s at f i l t e r 
609 - or should i t be a t 608? - t h e comparison i s 
r e a l l y between the r e c i p r o c a l s of t h e i r melanin con-
c e n t r a t i o n s ; w h i l e i f -the C.I.E, s p e c i f i c a t i o n s are 
used i n t h e comparison, t h e a c t u a l c o l o u r s , as we 
see them, are compared. To what e x t e n t both ap-
proaches produce comparable r e s u l t s should s o l e l y 
depend on t h e e x t e n t t o which c o l o u r of the s k i n i s 
determined by melanin alone t o the e x c l u s i o n of 
o t h e r f a c t o r s . P r i n c i p a l component a n a l y s i s w i t h 
n i n e v a r i a b l e s ( f i l t e r s ) seems t o be a b e t t e r 
t o o l f o r c h a r a c t e r i z i n g p o p u l a t i o n s by c o l o u r , but 
i t s accuracy r e s t s on whether or not those nine r e -
f l e c t a n c e r e a d i n g s p r o v i d e the best p h y s i c a l 'image' 
of c o l o u r . Since p h y s i c i a n s have unanimously agreed 
t h a t t h e best 'image' i s given by the C.I.E, s p e c i -
f i c a t i o n s , i t would seem t h a t t h e n i n e - f i l t e r s 
methodology i s not e n t i r e l y s a t i s f a c t o r y . 
An a d d i t i o n a l source o f i n s e c u r i t y i s the f a c t 
t h a t few i n v e s t i g a t o r s g i v e any i n f o r m a t i o n a t a l l 
about t h e f u l f i l m e n t or v i o l a t i o n o f the assumptions. 
I t i s known t h a t when comparing s e v e r a l samples 
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w i t h each o t h e r , i f t h e y are not b i g enough, the 
d i s t r i b u t i o n of s c o r e s i n the p o p u l a t i o n should be 
normal and t h a t i n any case homogeneity of v a r i a n c e 
should be s a t i s f i e d i f i n f e r e n c e s e x t r a c t e d from the 
use of t h e t - t e s t and t h e oneway anovar are to be 
c o n s i d e r e d f u l l y r e l i a b l e . I n p r a c t i c e , however, 
under c e r t a i n c o n d i t i o n s , both assumptions can be 
v i o l a t e d w i t h o u t t h e r e l i a b i l i t y of the c o n c l u s i o n s 
being s i g n i f i c a n t l y d i m i n i s h e d , (Hays, 1974; Mc Nemar, 
1959), I n o r d e r t o m i n i m i z e the e f f e c t s of such an 
e v e n t u a l t r a n s g r e s s i o n . Hays' recommendations on c o r -
r e c t i o n s o f t h e degrees o f freedom when a p p l y i n g the 
t - t e s t have been f o l l o w e d , 
A diagram i l l u s t r a t i n g t he r e l a t i v e p o s i t i o n s of 
t h e p o p u l a t i o n s under s t u d y has been i n c l u d e d as f i g -
ure. I X , 2 - 1 , Indeed, t h e p i c t u r e might be somewhat 
d i s t o r t e d as a r e s u l t o f t h r e e types of e r r o r : l ) op-
e r a t i o n a l e r r o r s , due t o u n n o t i c e d m a l f u n c t i o n i n g of 
t h e s p e c t r o p h o t o m e t e r (too; high/low readings caused 
by n o n - c a l i b r a t i o n , i n s t a b i l i t y , ,,) 2) s t a t i s t i c a l 
e r r o r s ( m a i n l y i n a d e q u a t e use of p a r a m e t r i c s t a t i s -
t i e s w i t h d i s t r i b u t i o n s e r r o n e o u s l y assumed t o f u l f i l 
t h e a p p r o p r i a t e r e q u i r e m e n t s , 3) i n t e r o b s e r v e r e r r o r , 
caused, by t h e m u l t i p l i c i t y of measurement procedures 
i n t r o d u c e d by d i f f e r e n t i n v e s t i g a t o r s . W h i l s t Lees 
e t a l . , , ( 1978) have proved t h a t the t h i r d source of 
e r r o r can be b rought under c o n t r o l , i t i s not e q u a l -
l y easy t o d i s c a r d t h e o t h e r s . 
Summary D i v e r s i t y of s p e c t r o p h o t o m e t e r s , • f i l t e r sets and 
s t a n d a r d s u r f a c e s are problems which have a f f l i c t e d the 
use of s p e c t r o p h o t o m e t r y i n human b i o l o g y since the be-
g i n n i n g . 
The d i f f e r e n t methodologies which have been proposed 




F i l t e r 601 
X s H 
F i l t e r 605 
z • R 
F i l t e r f.O?^  
z a R 
Pern^cdee York 9 45.690 3 . 7 4 3 29 70.517 2.B5- 29 
Hulae. 1973 K. Northuffl 
berland 5 
3 7 . 1 2 4.46 67 4 5 . 3 0 4 . 4 5 67 69.33 3 . 17 67 
B u l g e , 1973 R. Northum 
berland (f 
34.26 5.06 58 44.09 3 . 9 4 58 68.97 3 . 8 9 58 
Rlgtere-
ArlB, 1972/3 
Dutch <f 39.7 4.04 99 44.7 3.85 99 68.9 2.51 99 
RUlse. 1973 SE Borthuffl 
berland j 
36,55 3.82 40 44.40 3.57 40 68.70 3.39 4C 
Kayes, 1965 Brussels ^ 41 . 375 4. 139 100 47.085 4.615 10 6 8 . 0 0 5 4 . 7 4 5 100 
Hobins, 1973 Blue-eyed 
Whites 0 
36.9 1.18 15 41.7 0.99 15 67.3 0 . 7 3 15 
Kulse, 1973 SE Borthim 
berland rf 
3 3 . 4 6 4 . 4 3 37 42.27 3 . 6 4 37 66.95 3.<'3 37 
0,1l1:utu, igP5 Ciaine d 40.3 1.20 74 45.2 3 . 4 6 74 3 . 0 2 74 
Smith !: Mit-
c h e l l . 1973 
Cuiaberland 36.48 4 . 5 7 252 42.13 3.92 252 66.77 2.99. 252 
Hieters-
A r l s . 1972/3 
Dutch 
V 
37.7 4 . 3 0 100 4 3 . 2 4.02 100 66.7 2.3'! 100 
Roblna, 1P73 
( t ) 
Blue-eyed 
r h l t e s (f 
36.3 0.78 38 39.1 0 . 7 3 38 66.7 0.41 38 
Brown-eyed 
Whites (f 
35.3 0.64 46 3 9 . 4 0.59 46 66.5 0.51 46 
Smith 4 Mit-
c h e l l . 1973 
I . of Man 
d* + 5 
36.68 4.09 163 41.88 3.65 163 66.41 2.84 163 
I.epuebe, 1964 Belgians <f 38.940 3 . 7 3 3 50 4 3 . 2 5 0 3.282 50 65.980 3.126 50 
Lepuebe,1961 B r u r e l l e s 3 7 . 7 1 3 4.831 143 4 4 . 7 7 3 3.959 143 65.727 3.145 143 
Perndndet MalmB rf 34.630 4.894 255 •41.068 4.892 254 65 . 615 3 .945 249 
York rf 41.258 5.036 318 65 .511 5 .011 518 
Table I X . 2 - 1 . Populationa arraaged by daereaaing order of 
reflectance at f i l t e r no. 9 . 
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F i l t e r 601 F i l t e r 605 F i l t e r 609^*"^ 
Author Population x 6 K X B V z 8 N 
Sunderland e t 
a l , . 1973 
B a l l l n l o - 35.833 
ugh + 9 
4.024 232 41.466 3 . 8 6 8 232 65 . 212 2.928 232 
Ha.vee, 1965 BrusaelB <f 33.175 5 . 6 9 6 103 39.820 5.612 103 65 . 019 5.286 103 
demand es Malma 9 35.221 5.084 382 42,129 4.925 382 64 . 9 3 9 4 . 3 2 1 380 
Durham <f 35.579 5.040 33 41.109 4.746 33 64.845 3.358 33 
Durham 9 38 . 1 7 0 4.908 46 42.895 4.038 ie f>4.8i5 2,77? 46 
Sunderland et 
a l . , 1°73 
Rossnore 35.091 4 , 0 9 4 201 ^1.208 4,211 201 64.717 3 . 2 0 3 201 
Sobiaa, .1973 Brown-e.ved 33.2 
Whites 9 
0.63 35 37.7 0.48 35 64.7 0.38 35 
Sunderland e t 
a l . , 1973 
Camew ^ 37.23 4.17 162 .42.12 4.01 162 64.64 2 . 8 5 162 
Le^ruebe, 1964 Belgians j 35.389 3.647 45 42.400 3.096 45 64.589 2 .971 45 
Sunderland e t 
a l . , 1973 Camew tf 34.86 4.36 •105 39.37 4.36 105 64.40 3.52 105 
Lejruehe, 1961 B r u x e l l e s 36.500 3.978 177 44.568 3.618 177 64.285 2.925 177 
?i:chi, 1957/8 C a l c u t t a o 28.50 10 3 5 . 7 5 10 64.25 10 
WasaenBann ft 
Heyl. 1968 
South Afri^ 30.826 
can? <f * 0 
5.626 2^7 3C.792 6.735 217 63,952 10 .914 217 
Smith * K i t -
c h P l l . 1973 
Merthvr Tvd 33 .01 
f l l d " + 0 
• 
4.31 182 36.68 4 , 3 6 182 63,16 4.85 182 
T l w a r i , 1963 European 34.93 
mothers 
3 . 0 9 23 38.58 3.97 23 62,97 3 . 1 7 ? 3 
Pl.ln-Toumel, 
1966 
Helpians ' 38 , 746 
d* + 5 
5.442 113 43.540 4 . 1 9 5 115 62.752 3.786 115 
Pem^ndee Madrid ^ 3?,574 4 . 0 5 6 116 39.210 5.179 115 62.535 4.062 115 
Harrison ft 0-
«en, 1964 f » > 
l i v e r n o o l 3c. 1 
(f * 0 
0 . 4 5 3 104 41.0 0.453 103 62 .3 0,342 105 
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^ . F i l t e r 601 F i l t e r 605 F i l t e r 609^"^ Author Population z a R z , H z . l 
Femandee Madrid rf 30.386 4 . 7 0 6 104 36.742 4.318 104 60.967 4 . 217 104 
Verhulpen, Belrlano 32.329 4.082 82 37 .561 3 . 6 9 5 82 60 .866 2.730 82 
1973 rf • o 
Pemindes i r h u s 3 1 . 0 1 5 5.073 34 38.044 4.337 34 60.456 2.P47 34 
rf * o 
Sunderland. I r a o - S y r i a 31.2 5.779 19 39 .1 4.472 19 60,2 2.345 19 
1979 2 
Harrison * 0- Porto Ale- 28.150 268-35.530 268 59.250 268 
wen. 1967 gre j 
Sunderland, Turkey 29,192 5.078 55 37.058 3.970 55 59.202 2.767 55 
1979 rf * 9 
P a l e s t i n e 29.6 4.561 19 37.3 3.782 19 58.8 2.324 19 
9 
Lebanon j 28.7 3.950 41 36.6 4.111 41 58.4 2.302 41 
''iwarl, 1963 Indo-Euro- 26.637 3.3^4 35 34.148 3.910 35 58.261 2 . 5 4 9 35 
pean c h i l -
dren 'rf • ^ 
Sunderland, I-ebanon rf 27.0 4.889 142 34,4 4.765 142 58.0 2 .Q16 142 
1979 
Harrison * O- Porto Ale- 25.500 216 '33.610 216 57.920 216 
wen, 1967 gre rf 
Harrison * 0- B^ hybrlda 27.2 1.320 30 34 . 7 1.122 30 57.9 0.926 30 
wen, 195d («) ' rf + ^ 
Suni^erland, P a l e s t i n e 26.4 5.040 40 33.6 4.743 40 57.6 3.082 40 
1979 rf 
I r a q - S y r i a 27.4 ^.506 35 34. 1 4.405 35 57.4 3.0P8 35 
rf 
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IX,2, R e s u l t s and d i s c u s s i o n 
The p o p u l a t i o n s t o be examined are a l l i n c l u d e d 
i n t a b l e E , Some are non-European - a l t h o u g h 
Caucasoid - and w i l l be c o n s i d e r e d f o r purposes o f 
g e n e r a l comparison. F i g . IX. 2-1 is a g r a p h i c a l r e p r e -
s e n t a t i o n o f t h e i r r e l a t i v e p o s i t i o n s . The r e f l e c -
t ance f i g u r e s employed here are a l l 'raw', w i t h o u t 
any of the c o r r e c t i o n s due t o the exposure v a r i a b l e s . 
I n a l l t h r e e cases t h e y have been arranged i n de-
c r e a s i n g o r d e r o f r e f l e c t a n c e at f i l t e r 609 ( t a b l e 
I X , 2 - 1 ) , Such a b e w i l d e r i n g v a r i e t y of c o o r d i n a t e s 
( g e o g r a p h i c a l , g e n e t i c a l and c u l t u r a l ) may be ex-
pected t o produce h i g h l y s i g n i f i c a n t d i f f e r e n c e s be-
tween many o f t h e groups. An a n a l y s i s of v a r i a n c e 
(one-way) shows t h e o v e r a l l F t o be s i g n i f i c a n t at a 
l e v e l lower t h a n 0,001. For t h e c a l c u l a t i o n s a l l 
groups w i t h fewer t h a n n i n e t y - n i n e cases have been 
d i s r e g a r d e d , i n o r d e r t o secure f u l f i l m e n t of the 
c e n t r a l theorem (Hays, 1981) and t h e South A f r i c a n 
sample w i t h i t s w i d e l y d i v e r g i n g s t a n d a r d d e v i a t i o n 
has a l s o been o m i t t e d . 
Source S.S. df 1 T a r i a n c e ' •stimate S i g n i f i c a n c e 
Between 
groups 
15324.892 20 i 766.245 
i 1 
55.083 : 0.001 
• i t h l n 
groups 
49049 .139 3526 13.911 : 
Table I I . 2 - 2 . Oneway anora between populations. F> 99. 
For s e v e r a l reasons I have decided to^ compare 
these p o p u l a t i o n s on t h e b a s i s of t h e i r melanin con-
c e n t r a t i o n s a l o n e . The i n v e r s e o f melanin concen-
t r a t i o n has been r e p e a t e d l y shown ( H a r r i s o n 4 Owen, 
1956/7; HarmsB, 1964) t o be l i n e a r l y r e l a t e d t o 
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I 'e leat lne lrBQ-?Trla 
P i g . IX.2-1. I n t e r - p o p u l a t l o n c o m p a r i s o n B : 
( a ) upper i n n e r arm, ( b ) f o r e h e a d . 
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n i n , and probably t h i c k n e s s of the s t r a t u m corneum, 
whic h seems t o have a p r o t e c t i v e f u n c t i o n s u b j e c t t o 
s e l e c t i v e p r e s s u r e s ; melanoid, carotene and blood -
a l t h o u g h adding t o c o l o u r - do not seem t o have any 
such a r o l e . Ergo, the v a r i a b i l i t y added by them 
r a t h e r obscures the meaning of the p i c t u r e i n e v o l u -
t i o n a r y and s e l e c t i v e terms. 2) An a n a l y s i s based on 
t h e X-Y-Z or even a l l nine f i l t e r s i s u t t e r l y im-
p o s s i b l e due t o the c h a r a c t e r of the a v a i l a b l e data. 
Under these circumstances c a l c u l a t i o n s based on f i l -
t e r s 601, 605 and 609 - a l t h o u g h more i n f o r m a t i v e i n 
terms of c o l o u r v a r i a b i l i t y - do not p r o v i d e any 
' d e f i n i t i v e ' i n f o r m a t i o n on e i t h e r c o l o u r or melanin, 
w h i l s t 609 ( r e a d i n g s at 608 being n o r m a l l y m i s s i n g ) 
i s t h e best i n t h i s l a t t e r r e s p e c t . 3) F i l t e r 609 i s 
i n a d d i t i o n t h e o n l y one which p r a c t i c a l l y always 
corresponds t o the same wavelength - 685 nm. 
No planned comparisons between groups have been 
at t e m p t e d s i n c e any r e l a t i v e l y c l e a r p i c t u r e of t h e i r 
d i f f e r e n c e s would r e q u i r e t - t e s t s i n numbers such as 
t o h i g h l y i n c r e a s e the chances of s p u r i o u s s i g n i f i -
cance l e v e l s showing up. The p r o b a b i l i t y of at l e a s t 
one out of a group of m independent t - t e s t s c a r r i e d 
o u t , s p u r i o u s l y showing s i g n i f i c a n c e ; , at the l e v e l 
i s : 1 - ( l - )"", which i f °< i s s m a l l tends t o the 
v a l u e mcx . I n s t e a d a b a t t e r y of post hoc comparisons, 
t h e S h e f f 6 method, have been employed. Here the pro-
b a b i l i t y o f o v e r - l o o k i n g a t r u e d i f f e r e n c e i s g r e a t e r 
( t y p e I I e r r o r ) , but the p r o b a b i l i t y of commiting a 
t y p e I e r r o r i n one or more cases i s o n l y . More-
over t h i s method i s known t o be r e l a t i v e l y i n s e n s i -
t i v e t o d e p a r t u r e s from n o r m a l i t y and homogeneity of 
v a r i a n c e (Hays, 1981). 
As proper m a t e r i a l f o r c a l c u l a t i o n s , a l l groups 
have been s e l e c t e d , w i t h the e x c e p t i o n of the South 
A f r i c a n s because of t h e i r extremely d e v i a n t v a r i a n c e . 
The f o l l o w i n g c l u s t e r s r e s u l t e d : l ) the females from 
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York and from SE. Northumberland, l u i t h a l l popu-
l a t i o n s i n betiueen, d e f i n e the l i g h t e s t b l o c k , 2) 
p o p u l a t i o n s between the females from Brussels and 
t h e males from York, 3) from B a l l i n l o u g h t o Belgians 
I I I , 4) a l l p o p u l a t i o n s between t h e Madrid uiomen and 
t h e P a l e s t i n e a n ujomen, 5) from t h e Lebanese females 
t o t h e I r a q - S y r i a males. 
At l e a s t l u i t h i n t he main r a c i a l stocks c o n c e n t r a -
t i o n o f m e l a n i n can be s a f e l y assumed to be a con-
t i n u o u s v a r i a b l e . Under these circumstances, sub-
d i v i d i n g t h e range of v a r i a t i o n o f t h i s v a r i a b l e , 
w i t h i n any o f those s t o c k s , and p r e t e n d i n g t h a t group-
i n g t o be d e f i n i t i v e i s s t a t i s t i c a l as well as b i o -
l o g i c a l nonsense. The c l u s t e r i n g process can be i n -
i t i a t e d a t any? p o i n t along the range of the v a r i a b l e 
and many o t h e r groupings could be produced, a l l of 
them e q u a l l y v a l i d . The p r e s e n t p a r t i t i o n 
p r o v i d e s . b r i l y a frameiuork u/hich a u t o m a t i c a l l y ansiaers 
some of t h e q u e s t i o n s which.the reader might l i k e t o 
ask about i n t e r p o p u l a t i o n d i f f e r e n c e s . I f i t does not, 
t h e a p p r o p r i a t e c l u s t e r i n g can be produced i n s i m i l a r 
u/ay by c h o o s i n g a more adequate d e p a r t u r e p o i n t . 
Since t h e c h o i c e here f e l l upon the York males -
t h e c l u s t e r i n g process proceeding 'upwards' and 
'downwards' from t h e r e - one can be sure t h a t at 
l e a s t t h e Dutch males and the Belgians I I d i f f e r s i g -
n i f i c a n t l y from t h e r e s t of the Netherlands and 
Belgium as w e l l as from each o t h e r . Also the females 
from York, t h r e e of the Northumberland samples and 
t h e pooled men and women from L i v e r p o o l are s i g n i f i -
c a n t l y d i f f e r e n t from the r e s t of t h e B r i t i s h and 
I t i s h samples, not t o mention d i f f e r e n c e s from each 
o t h e r . Since t h e S c h e f f 6 method i s a r a t h e r conserva-
t i v e one, when compared f o r i n s t a n c e w i t h the t - t e s t , 
i t can be expected t h a t the use of the l a t t e r would 
r e v e a l even more s i g n i f i c a n t d i f f e r e n c e s . 
W i t h i n Sweden, when 'raw' r e f l e c t a n c e r e a d i n g s are 
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-employed, no s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e 
was found betiueen d i f f e r e n t g e o g r a p h i c a l areas 
( s i g n i f i c a n c e l e v e l s : 0.811 f o r 320 pure females 
and 0.A41 f o r 205 pure males) ( t a b l e I X . 2 - 3 ) , i n 
s p i t e of t h e f a c t t h a t t h e c o u n t r y s t r e t c h e s across 
a f u l l f o u r t e e n degrees of l a t i t u d e . Even i f the 
Swedes are t r a d i t i o n a l l y i n Anthropology looked upon 
as a c o m p a r a t i v e l y homogeneous group and even i f 
some of t h e sub-samples are r a t h e r s m a l l , t he u n i -
f o r m i t y of t h e sample i n terms of c o l o u r - geo-
g r a p h i c a l d i v e r s i t y n o t i u i t h s t a n d i n g - should warn us 
a g a i n s t u n c r i t i c a l l y a c c e p t i n g the presence of such 
pronounced d i f f e r e n c e s w i t h i n the B r i t i s h block and 
e s p e c i a l l y w i t h i n Belgium and the Netherlands. The 
Arhus (Danish) sample i s r a t h e r too detached from 
Swedes and o t h e r n o r t h e r n European p o p u l a t i o n s as 
w e l l as c l o s e r t h a n was f o r e s e e a b l e t o the Middle 
Eastern b l o c k . Regarding Sweden, the North European 
c e n t r e o f bl o n d i s m , i t d e f i e s e x p e c t a t i o n by occu-
p y i n g a c o m p a r a t i v e l y low p o s i t i o n , w h i l s t t h e 
Spaniards take a ' l o g i c a l ' i n t e r m e d i a t e place be-
tween o t h e r Europeans f u r t h e r North and the Middle 
Eastern groups. Again, L i v e r p o o l and Belgians I I -
when compared w i t h most groups of t h e i r own kinds 
and t o Madrid - seem t o be placed lower than ex-
pected. 
Were anybody r e f l e c t i n g upon the p o s s i b i l i t y -
as an o v e r a l l e x p l a n a t i o n - t h a t w h i l s t the l i g h t e s t 
European groups might be i n t h e i r r i g h t p o s i t i o n s 
the Swedes may have been measured w i t h a spectropho-
tometer which 'read' t oo low, i t should be remarked 
t h a t a l l Swedes and Spaniards and most of the B r i t i s h 
were t e s t e d w i t h t h e same i n s t r u m e n t . This means t h a t 
a ' c o r r e c t i v e ' upward jump of the Malmo subsamples 
would i m p l y a p r o p o r t i o n a t e displacement upwards of 
Madrid and Durham, p l a c i n g t h e Spaniards i n a p o s i -
t i o n e x t r e mely d i f f i c u l t t o e x p l a i n , unless we were 
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prepared t o accept t h a t t h e whole o f . t h e t h i r d block 
and p o s s i b l y p a r t of the second were also to be s h i f t -
ed towards t h e t o p . 
I t would seem t h a t among p o p u l a t i o n s c o n t a i n i n g 
n o n - n e g l i g i b l e and/or d i f f e r e n t percentages of 'sun-
b a t h e r s ' , w i t h broadly s i m i l a r p a t t e r n s o f forehead 
exposure (use vs. absence of f r i n g e , h a t s ) and l i v i n g 
i n a p p r o x i m a t e l y comparable environments, the f o r e -
head would be a b e t t e r s i t e f o r comparison than the 
upper arm, s i n c e - a l t h o u g h the c o l o u r of the f o r e -
head i s f u r t h e r away from t he basal p i g m e n t a t i o n -
r e l a t i v e d i s t a n c e s between p o p u l a t i o n s are not l i k e -
l y t o be as a f f e c t e d by d i f f e r e n t h a b i t s of expo-
sure as when c o n s i d e r i n g t h e upper arm. With the 
forehead means, ( f i g . I X , 2 - 1 , b ) , a somewhat d i f f e r e n t 
p i c t u r e i s fou n d . W i t h i n t h e North European block 
B e l g i a n s I I and Arhus s t i l l l i e r a t h e r low when com-
pared r e s p e c t i v e l y w i t h t h e i r Belgian and Scandina-
v i a n c o u n t e r p a r t s , a l t h o u g h t h e i r p o s i t i o n w i t h r e -
spect t o Spaniards agrees b e t t e r w i t h what could be 
f o r e c a s t . U n f o r t u n a t e l y some p o p u l a t i o n s are unrepre-
sented a t t h e forehead s i t e ( n o t a b l y Northumberland, 
York and L i v e r p o o l ) f o r which reason we are l e f t 
w i t h o u t means of comparison, Sweden has climbed up a 
few ' l o g i c a l * s t eps and o n l y the Durham males are 
plac e d h i g h e r , w h i l s t t h e Dutch females and the 
Bailgian I females come between the females and the 
males from Malmd, Even i f t h i s p i c t u r e comes c l o s e r 
t o t h e expected, t h e r e i s i n the aut h o r ' s o p i n i o n 
not 
sound ground f o r q u e s t i o n i n g whetheFHriuch of the un-
expected r a n k i n g i s t o be a t t r i b u t e d t o t e c h n i c a l 
e r r o r . A l t h o u g h t h i s i s presumably i m p o s s i b l e t o 
e s t a b l i s h , i t p r o v i d e s a f u r t h e r warning of the need 
t o c o n t r o l a l l sources o f spurious v a r i a t i o n i n 
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Tabl e IX.2-3. Apparent u n l f o r m i t 7 o f p i g m e n t a t i o n o f t h e 
a k i n i n Sweden. (Raw f i g u r e s compared. Independent T a r i a -
b l e : l a r d s k a p ) . 
Summary A number of p o p u l a t i o n s were analysed by means of 
the S c h e f f ^ method f o r post hoc comparison's. A f t e r 
c a r e f u l c o n s i d e r a t i o n of the r e s u l t s , i t i s s t r o n g l y 
suspected t h a t some f r a c t i o n of the observed i n t e r -
p o p u l a t i o n a l v a r i a b i l i t y i s j u s t the outcome df p l a i n 
o p e r a t i o n a l e r r o r . 
I t i s f e l t by the author t h a t the use of s p e c t r o -
photometry i n the f i e l d of p h y s i c a l anthropology 
demands i n s t r u m e n t s of g r e a t e r p r e c i s i o n than those 
c u r r e n t l y used u n t i l now. Deeper i n s i g h t . , on the ex-
p e r i m e n t e r ' s s i d e , i n t o the basic t e c h n i c a l aspects 




V/hen pondering the mathematical l a y o u t For c o r r e -
l a t i o n and r e g r e s s i o n a n a l y s i s , a very r e l e v a n t matter 
concerns the e v a l u a t i o n of the r i s k s i n v o l v e d i n the 
c a t e g o r i z a t i o n of a b a s i c a l l y c o n t i n u o u s v a r i a b l e . They 
have been t r e a t e d i n some d e t a i l i n s e c t i o n l U . I . They 
may range from the c r e a t i o n of i n e x i s t e n t l i n e a r cor-
r e l a t i o n s t o the o v e r s i g h t - of u n d e r l y i n g c u r v i l i n e a r 
t r e n d s . 
I t may be added t h a t , i n g e n e r a l , the e x i s t e n c e of 
p r o f o u n d d i f f e r e n c e s i n n a t i o n a l i d i o s i n c r a c y - by mod-
e l l i n g the manner of exposure to U V - r a d i a t i o n , the u l -
t i m a t e agent - w i l l r e s u l t i n d i v e r s i f i c a t i o n w i t h i n 
each of the exposure v a r i a b l e s . I n f a c t , each of them 
i s not - as we have been f o r c e d t o assume - a unique 
v a r i a b l e , but s e v e r a l r e l a t e d ones, as i t s c a t e g o r i e s 
w i l l f a i l t o be u n i v e r s a l l y aprehended i n the same way 
by everybody. The d i f f e r e n c e s t r a n s c e n d the l e v e l of 
f r e q u e n c i e s t o go beyond the l a b e l i t s e l f . Two t y p i c a l 
p i c t u r e s of sunbathing behaviour - t h a t of a l u e l l - o i l e d 
Swede, p a t i e n t l y l y i n g down i n the beach, h i s / h e r arms 
r o t a t e d outwards f o r a more even t a n cin the inner s i d e , 
compared t o t h a t of a Spaniard camping i n the s i e r r a 
or s i t t i n g at a bar t e r r a c e i n the beach - s u f f i c i e n t l y 
i l l u s t r a t e the p o i n t , I n t e r p o p u l a t i o n a l s i m i l a r i t i e s 
and d i f f e r e n c i e s w i t h i n a n o m i n a l l y unique exposure v a r -
i a b l e w i l l , of n e c e s s i t y , be d e c e i v i n g . That background 
i n c o n s i s t e n c y ought t o account f o r p a r t of the a f o r e -
mentioned l a c k of. u n i f o r m i t y i n c o r r e l a t i o n p a t t e r n s , 
i n between-sample and between-sex comparisons. 
Other f a c t o r s , e q u a l l y c o n t r i b u t i n g t o d i m i n i s h e d 
u n i f o r m i t y of c o r r e l a t i o n p a t t e r n s , were p o i n t e d out 
i n c hapter \1 as having t o do w i t h s t r u c t u r a l inequa-
l i t i e s between the samples, i n terms of - above a l l -
the f u n c t i o n s of days- and age. When e x t r a p o l a t i n g t o 
the p o p u l a t i o n l e v e l , a s m a l l - s i z e d sample w i l l stand 
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a p o o r chance o f being r e p r e s e n t a t i v e . Part o f the 
d i s c r e p a n c i e s p r e s e n t e d by the B r i t i s h samples may 
j u s t be the outcome o f a r a r e sampling o f cases. 
The combined e f f e c t from a l l these f a c t o r s i s to 
d i m i n i s h t he r e l i a b i l i t y and, at ti m e s , the represen-
t a t i v e n e s s of the r e s u l t s . This circumstance must be 
borne i n mind by the experimenter ujhen p l a n n i n g h i s / 
her r e s e a r c h . There may be no p r a c t i c a b l e way out o f 
the problem f o r every p a r t i c u l a r s i t u a t i o n , but a 
s t a t e t o s t r i v e a f t e r should be t h a t , whenever poss-
i b l e , each of the v a r i a b l e s should extend along the 
g r e a t e s t range of v a l u e s compatible w i t h the struc-^ 
t u r e of the p o p u l a t i o n . That, p l u s s t r a t i f i e d sampling, 
should take care o f most problems - except those de-
r i v e d from the c a t e g o r i z a t i o n of continuous v a r i a b l e s . 
U n f o r t u n a t e l y , a c c u r a t e s t r a t i f i e d sampling r e q u i r e s 
a p r i o r i knowledge of the p o p u l a t i o n s t r u c t u r e - a 
re q u i r e m e n t r a r e l y s a t i s f i e d . 
S e c t i o n s I\/,1 t o 1\J,3 have e l i c i t e d a number of 
i n t e r e s t i n g t r e n d s c o n c e r n i n g the c o r r e l a t i o n s between 
age and t h e b e h a v i o u r a l v a r i a b l e s , on the one hand, 
and p i g m e n t a t i o n ( n i n e f i l t e r s , two s i t e s ) , on the 
o t h e r , A schematic resume of the p a t t e r n of c o r r e l a -
t i o n s i s shown i n t a b l e X-1, Although the e x i s t e n c e of 
numerous e x c e p t i o n s s e v e r e l y r e s t r i c t i t s a p p l i c a - ' 
b i l i t y , c e r t a i n g e n e r a l t r a i t s can be s i n g l e d o u t : 
1. The c o r r e l a t i o n c o e f f i c i e n t s are greater i n numerical 
value among men than among women. 
2, They are normally greater at the upper inner arm than 
at the forehead (ezcept f o r dimension age: viceversa). 
3. When the functions of age and days- are involved, the 
c o r r e l a t i o n c o e f f i c i e n t s are generally best among the 
f i r s t f i l t e r s . A uinimum i s reached at the f i f t h f i l -
t e r or nearby. 
4, The best p r e d i c t o r s are habitu, newhat and crfhnow 
(cruianow among Spanish females), among the exposure 
va r i a b l e s ; the logarithmic and inverse functions of 
days-, and the lower powers of age and days- . 
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5. In general, the l e v e l s of signi f i c a n c e deteriorate 
with decreasing size of the samples. 
6, Generally speaking, the signs of the correlations are 
p o s i t i v e , except f o r the f o l l o w i n g variables: 
h a b i t - , newhat, d-in and - at the forehead - the powers 
of age. 
Most of these t r a i t s c o u l d be f o r e c a s t e d a p r i o r i 
i n terms o f , f o r i n s t a n c e , i n c r e a s e d b e h a v i o y r a l d i s -
tance between the c a t e g o r i e s of the exposure v a r i a b l e 
concerned - p r o d u c i n g a g r e a t e r Ay i n formula I V . I - I -
(men vs. women, i n n e r arm vs. f o r e h e a d ) , the increased 
a b s o r p t i o n power of melanin at s h o r t e r wavelengths 
( g r e a t e r c o e f f i c i e n t s among the f i r s t f i l t e r s ) or the 
asynchronism of the changes i n melanin and haemoglobin 
c o n t e n t a f t e r exposure of the s k i n t o UU-ra d i a t i o n 
( c o n f l i c t i n g t r e n d s l o w e r i n g the s t r e n g t h of the cor-
r e l a t i o n s a t the c e n t r a l r e g i o n of the spectrum). So 
many agents a r e , however, a t pl a y i n every case t h a t 
any safe e x p l a n a t i o n must be v a l i d a t e d against a f o r -
mula. I n the case of the exposure v a r i a b l e s , f o r 
example, the c o r r e l a t i o n c o e f f i c i e n t i s seen t o depend 
m a t h e m a t i c a l l y on a few f a c t o r s , which do not only 
have- t o do w i t h the a c t u a l score values but also w i t h 
the n a t u r e o f t h e i r d i s t r i b u t i o n s . These f a c t o r s are: 
l ) the number of cases i n each category (which, 
t o g e t h e r w i t h the v a l u e s assigned t o the c a t e g o r i e s , 
determine s^'s v a l u e ) , 2) the va l u e s adopted by the de-
A 
pendent v a r i a b l e , and 3) t h e i r degree of d i s p e r s i o n 
( w h i c h , t o g e t h e r w i t h t he two aforementioned, determine 
S y and A y ) , I n the p r e s e n t c o n t e x t , however, e x p l a i n i n g 
each case i n terms of f o r m u l a I\y,1-1 i s of l i t t l e more 
than' a n e c d o t i c v a l u e , as no g e n e r a l r u l e can be issued 
concerning the u n i v e r s a l v a l i d i t y of any p a r t i c u l a r 
mechanism. 
VJhen c o n s i d e r i n g t h e combined e f f e c t of a l l behav-
i o u r a l v a r i a b l e s and f u n c t i o n s of age,- dimensions age, 
and days- are q u a n t i t a t i v e l y and q u a l i t a t i v e l y p r e -
dominant o v e r ' t h e o t h e r s as p r e d i c t o r s . The p a t t e r n i s 
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as f o l l o w i n g : 
1. The functions of age and days- are more preponderant 
among males than among females. 
2. Their predominance i s greatest among Swedes and 
smallest among Spaniards. 
3. ' Their preponderance i s more marked at the forehead 
than at the inner arm. 
4. Af t e r the functions of days- and age, the most important 
predictors are ha b i t u , at the inner arm, and newhat, at 
the forehead. 
And when c o n s i d e r i n g the m u l t i p l e c o r r e l a t i o n coef-
f i c i e n t i t s e l f : 
1. R i s generally greater among males than among females. 
2. R i s also greater at the forehead than at the inner arm. 
3. At the inner arm, the m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t s 
normally diminish from both ends of the spectrum towards 
the middle. 
4. R o f t e n (but not always) diminishes with decreasing 
sample size. 
Most of these t r a i t s j u s t reproduce at the m u l t i p l e 
c o r r e l a t i o n l e v e l the c o n d i t i o n s p r e v i o u s l y observed 
f o r b i v a r i a t e c o r r e l a t i o n s . Owing to the nature of the 
r e g r e s s i o n a n a l y s i s method employed, each of the pr e -
d i c t o r s may p o t e n t i a l l y r e p r e s e n t more than one dimen-
s i o n , f o r which reason i t would be mis l e a d i n g t o look 
a t t h e v a r i a b l e s i n any r e g r e s s i o n equation as necess-
ar. i l y ; ;standing, f or a l l dimensions worthy of conside-
r'ationi"' i n , :a. u n e q u i v o c a l manner, 
V a r i a b l e sex, when males and females are pooled 
t o g e t h e r , t u r n s out t o be an i m p o r t a n t p r e d i c t o r . 
Males are darker than females at p r a c t i c a l l y every f i l -
t e r and sample. The r e l e v a n c e of b i g sample s i z e s i s 
prob a b l y e x e m p l i f i e d by the g e n e r a l improvement i n 
u n i f o r m i t y o f r e g r e s s i o n p a t t e r n s brought about by the 
p o o l i n g of sexes. 
VJhen the g e o g r a p h i c a l c o o r d i n a t e s are i n t r o d u c e d 
i n t o the p i c t u r e , dimensions age, days- and - o f t e n - -
sex are found t o be more i m p o r t a n t as p r e d i c t o r s than 
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g e o g r a p h i c a l o r i g i n . - In s p i t e of the survey t a k i n g 
p l a c e d u r i n g the 'dark' p e r i o d of the year, behaviour 
proved t o be more i m p o r t a n t than geography as a source 
of i n t e r n a l pigmentary v a r i a b i l i t y . I t becomes e v i d e n t 
t h a t no p e r i o d of the year can a p r i o r i be h e l d as 
s a f e . Comparing p o p u l a t i o n s on the basis only of t h e i r 
raw r e f l e c t a n c e f i g u r e s , w i t h o u t t a k i n g .the b e h a v i o u r a l 
f a c t o r s i n c o n s i d e r a t i o n , i s a very hazardous game. 
Thus, the need somehow to have t h a t s o r t of f a c t o r s i n -
c l u d e d ( i d e a l l y , under c o n t r o l ) i n s t u d i e s of human 
'skin-"Colour' i s emphasised once more. 
The r e l e v a n c e of the issue i s d r a m a t i c a l l y i l l u s -
t r a t e d by the Swedish case, where the i n t r o d u c t i o n of 
t h e b e h a v i o u r a l v a r i a b l e s allowed the experimenter t o 
d i s c l o s e p r e v i o u s l y undetected pigmentary d i f f e r e n c e s 
between r e g i o n s . There, i n accordance w i t h the ex- • 
p e c t e d in' terms of e c o l o g i c a l f a c t o r s , southern Sweden 
t u r n e d out t o be darker than the n o r t h -• w h i l e , i n an 
a l i k e manner, c e n t r a l " S p a i n appeared darker t h a n the 
p e r i p h e r y . These r e s u l t s also agree b a s i c a l l y w i t h the 
thaftrrather. scanty a v a i l a b l e knowledge on the s u b j e c t . 
I n - t h o s e two samples p i g m e n t a t i o n of the s k i n f o l l o w s 
ecology more c l o s e l y than p i g m e n t a t i o n of e i t h e r eyes 
or; h a i r does, 
. A'; number of i n t e r e s t i n g a s s o c i a t i o n s between the 
t h r e e p i g m e n t a t i o n s ( s k i n , eyes and h a i r ) , t he blood 
groups and s t a t u r e were d i s c l o s e d . Others w i t h m e t r i -
c a l t r a i t s may perhaps be suspected. R e l a t i o n s h i p s 
between p o p u l a t i o n s e s t a b l i s h e d on the b a s i s of p o l y -
morphic t r a i t s can be used t o check on those based on 
p o l y g e n i c ( m a i n l y m e t r i c ) t r a i t s , a s o r t of a n t h r o -
pology which has f a l l e n i n d i s g r a c e d u r i n g the l a s t 
t h i r t y years - one of the reasons f o r i t being the 
l a c k of agreement about the importance of the m u l t i f a c -
t o r i a l g e n e t i c s ' r o l e i n m o d e l l i n g the phenotype. Re-
l a t i v e l y r e c e n t r e s e a r c h , l i k e Beckman's (.1959), 
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suggests t h a t a p o t e n t i a l l y very p r o d u c t i v e f i e l d o f 
research l i e s open i n t h a t d i r e c t i o n . The simultaneous 
use of both p o l y g e n i c and polymorphic t r a i t s p r o v i d e s 
us w i t h a t o o l of i n t e r e s t i n g p o s s i b i l i t i e s to i n v e s -
t i g a t e the r e l i a b i l i t y of anthropometry i n r a c i a l 
s t u d i e s . 
The p o s s i b i l i t y of a s h i f t i n gene f r e q u e n c i e s i n 
the t h r e e c o u n t r i e s under study - as a consequence of 
the e x i s t e n c e of very c l e a r sexual preferences i n the 
f i e l d of p i g m e n t a t i o n - a l t h o u g h c o n c e i v a b l e , i s very 
d i f f i c u l t t o e v a l u a t e , as dependent on a s e r i e s of 
f a c t o r s of d i f f i c u l t q u a n t i f i c a t i o n . The relevance of 
a such process i s , however, .easy t o grasp. 
I n a d d i t i o n t o the sources of e r r o r which could be 
l a b e l l e d ' s t a t i s t i c a l ' , t he spreading of the r e f l e c -
t o m e t r i c t e c h n i q u e s i n the domain of human b i o l o g y 
has been a f f l i c t e d by a number of ' t e c h n i c a l ' problems. 
These.derive from the d i v e r s i t y of f i l t e r s e t s , spec-
t r o p h o t o m e t e r s and - a t the b e g i n n i n g - standard sur-
f a c e s i n use, not t o f o r g e t p l a i n o p e r a t i o n a l e r r o r 
- r e s u l t i n g from b o t h t h e a p p a r a t u s ' shortcomings and 
the a n t h r o p o l o g i s t ' s l i m i t a t i o n s as a t e c h n i c i a n . 
S e c t i o n IX,2 bears w i t n e s s of the p o t e n t i a l importance 
o f t h i s l a s t source of s p u r i o u s v a r i a b i l i t y , as t h e r e 
a r e c . i n : t h e o p i n i o n , of the author - s t r o n g arguments 
i n f a v o u r i o f a t e c h n i c a l o r i g i n f o r p a r t of the d i f -
f e r e n c e s observed between the p o p u l a t i o n s analysed i n 
t h a t s e c t i o n . 
R e f l e c t o p h o t o m e t r y must be approached w i t h a g r e a t e r 
i n s i g h t i n t o i t s t e c h n i c a l aspects. Thoroughful i n f o r -
mation ( p r i o r and a f t e r purchasing the apparatus) and 
t e c h n i c a l s e r v i c e ( p e r i o d i c maintenance) must be de-
manded from the t e c h n i c a l f i r m , so t h a t - i d e a l l y -
the experimenter should be able t o prevent or avoid 
the most common p i t f a l l s accompanying the use of the 
t e c h n i q u e , and t o n e u t r a l i z e them - i f necessary - by 
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a d o p t i n g , the a p p r o p i a t e measures ( e i t h e r p e r s o n a l l y 
or v i c a r i o u s l y ) , Before t h a t new s t a t e i s . reached, 
however, the a n t h r o p o l o g i s t must a c q u i r e the cons-
c i o u s n e s s of the urgent need f o r i t . 
Modern s t u d i e s of human ' s k i n c o l o u r ' f r e q u e n t l y 
d i s p l a y a s u r p r i s i n g l y h i g h degree of c o n f u s s i o n 
c o n c e r n i n g t he adequacy o f t h e i r methodologies t o 
t h e i r nominal g o a l s . Nine, t h r e e or one f i l t e r s , the 
C.I.E, s p e c i f i c a t i o n s or even the f i l t e r s 60A, 607 and 
608 - a l l have been proposed as the best p o s s i b l e 
m e t h o d o l o g y j i t i s of t e n , o v e r s e e n t h a t being the 
the aims i n v o l v e d t o t a l l y d i f f e r e n t , comparing t h e i r 
m ethodologies i s of no consequence. Only an i n f i n i t e 
number of f i l t e r s can a c c u r a t e l y r e p r e s e n t a c o l o u r -
by means,,either of the whole r e f l e c t a n c e curve or of 
the C,I,E, s p e c i f i c a t i o n s , t o be e x t r a c t e d from i t . 
Among the' i n s t r u m e n t s a v a i l a b l e i n the market, the 
au t o m a t i c r e c o r d i n g type p r o v i d e s the c l o s e s t a p r o x i -
m a t i o n t o t h a t c o n d i t i o n , A nine f i l t e r curve i s j u s t 
t o o ambiguous f o r such a purpose. I t f u r n i s h e s , how-
ever,,, o r i e n t a t i v e i n f o r m a t i o n about the c o n c e n t r a t i o n s 
of melanin and haemoglobins, but not about t h e i r ab-
s o l u t e , v a l u e s . The same goes f o r t he readings w i t h the 
608 o r the 609 f i l t e r s c o ncerning melanin c o n t e n t . 
The emphasis are then i n c o l o u r versus c o n t e n t s of 
d i v e r s e e p i d e r m i c ' c o l o u r a n t s ' - two wid e l y d i f f e r e n t 
t h i n g s , since s e v e r a l c o l o u r a n t s c o n t r i b u t e t o the 
f i n a l c h r o m a t i c r e s u l t . On the o t h e r hand, f i l t e r s 
604,. 607 and 608 may c o n s t i t u t e the best d i s c r i m i n a n t 
t h r e e f o r Leguebe's (1979 a) sampling of p o p u l a t i o n s , 
b u t n o t n e c e s s a r i l y f o r every o t h e r p o s s i b l e group.of 
samples. Indeed, they do not e i t h e r have to be the 
be s t t r i a d among a l l those c a n d i d a t i n g t o y i e l d the 
best r e p r e s e n t a t i o n of any p a r t i c u l a r abridged curve. 
When d e a l i n g w i t h m e l a n i n , as w i t h any o t h e r p i g -
ment, the d i s t a n c e from the melanosomes to the e p i -
dermis ' ;surf ace i s n e a r l y as i n t e r e s t i n g as t h e i r 
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number. Displacement of the melanin granules tomards 
the s u r f a c e , even w i t h o u t a corresponding change i n 
the t o t a l amount of melanin, shows up as a gene r a l 
d e p l e t i o n of the r e f l e c t a n c e curve, e s p e c i a l l y at the 
s h o r t wavelengths. Since readings a t the red end of 
the spectrum are n e a r l y i n s e n s i t i v e t o p o s i t i o n a l 
changes, t h a t i n f o r m a t i o n would be t o t a l l y l o s t 
w i t h o u t a knowledge of ot h e r r e g i o n / s of the curve. 
I t must be conceded, however, t h a t , i n terms of the 
i n f o r m a t i o n w i t h b i o l o g i c a l i m p l i c a t i o n s which the 
a n t h r o p o l o g i s t may as y e t be able t o squeeze from the 
c u r v e , most of i t i s s t i l l s u p e r f l u o u s t o him. I n 
s p i t e of t h a t , f o r the reason f i r s t l y exposed and i n 
f o r e s i g h t of the l i k e l y demands of f u t u r e r e s e a r c h , 
as much as f o r g a i n i n g e x a c t i t u d e and f o r saving 
v a l u a b l e time i n the f i e l d , the use of an automatic 
r e c o r d i n g s p ectrophotometer i s to be warmly recom-
mended. 
Homogeneity of methods and t o o l s must be given top 
p r i o r i t y . On t h i s r e s p e c t , i t must be emphasised t h a t 
c a l i b r a t i o n of a l i k e i n s t r u m e n t s on the magnesium car-
bonate's s u r f a c e i s no guarantee f o r p r o d u c t i o n of 
' i d e n t i c a l ' r e f l e c t a n c e readings on one and the same 
o b j e c t . That f a i l u r e i s probably the most common source 
o f • o p e r a t i o n a l e r r o r i n s k i n c o l o u r s t u d i e s . R e l i a b l e • 
maintenance s e r v i c e and standard c o l o u r e d cards should 
be made' a v a i l a b l e by the manu f a c t u r e r s , and the cards • 
should be purchased by each anthropology department 
i n o rder t o ensure c o m p a r a b i l i t y of performance. Por-
t a b i l i t y i s i n d i s p e n s a b l e , and the i n c o r p o r a t i o n of a 
dev i c e f o r a u t o m a t i c computation of the X-Y-Z s p e c i -
f i c a t i o n s , a l t h o u g h not e s s e n t i a l , would be h i g h l y 
c o n v e n i e n t . A l l those t e c h n i c a l r equirements are now-
adays s a t i s f i e d by many spectrophotometers, perhaps 
w i t h o u t p o r t a b i l i t y . I f not yet i n the market, i t may 
prob a b l y be presumed t h a t the p o r t a b l e automatic 
spectrophotometer w i l l soon be a r e a l i t y . 
394 
Gb — 
Agb - - ? 
; . ; | , ; , i ] 
— •-- :-!C9 .1, ,124 ; 
- - : u 
— 
•, -5 - ,13 : 
• \ -
11-.: • :- . i • 
1. r' I . ; ' 
,:-..| . : 
' : __, i i 
loworkO 
ioworkl 
ISO t a l l 
16 L 
14 f 
F - i I — i 
T E MJy Y'VLWm iowork2 socecO 
: : ; . i : i i : i i : . : ir. .^ ll:-:l:::P^:-:ll|llr^ll::. E i ; E E f E 
- f 
;:•:..! m m ' } 
- E f . ... 
•: i : ~ - :."„ 
-Ell n :::::: r • 
i' j — 
E i l E ^ E I E . - - . : - ! 
i m i 
Ml 1 
, • • ,:: •... 
P^i i n Trillp?i=i?i ir"; ip-m. ::: 11 1 1 ' •'' 
iir-i£i:i 
— r - ~ , iriiii ;Ti; E f ; ,\ ^ E i : ' E : : - : E v I 
f i - r i ^ i i j E - ; 
T-r — T i : - ,- ir: . i : i . ' 
' : " : r i _ ' i — 4 * ml v j i i E t:y ! ^04 z: - : i ; - i ; E£ip,,14 
lilt "" I; 
E r 3n= 111: S E T - ' 1^  L E ; E . L i i n i i . 'LfE ^ ; i E i i : i ! i i l i : - : ! i : 
11- z::.: 
—•^-^ 
- r . -TrjiiiirErri-iriii E L i t i E : i fri . t E ; - ! E : ? j E - I F ; ; ; - : : ! 
• 
E l i T E i E ^ i E i ^ i ^ ; •T 
- - 1; ".111 .. _ ^ — T ; - ; i - - r t - - - r - i i - : : i i - - •: • • • i- : . . . . . .-1 . . . . i . 
0 f 2 .<> 3 5 6 
mateyd 
~ir T 2 4 . 3 S 6 
mathair matskin 
E E ^ i i i : ^ : ; 1*. E E - . : ! i : . i 
, : : - - . i : . , I , , -
E,- YiuT'^-
— -r 
. . j 
1 1 




•EE-. 1 • i 14 . 1 
. . . ._ j 
t 
r - : - . - T f T - ~ T •: ••. i • 




:': , • ! -
0 / 2 J 4 5 
credo 
P i g , A - 2 D i B t r i b u t i o n o f fre q u e n c i e e f o r t h e moat 
i m p o r t a n t o f t h e b e h a v i o u r a l and aocioeconomlc v a r i a b l e a . 
395 





. : : -. - :•-;;;:-r-.. - • 
— 
•U - .32 - i 
— 
.13 • 13 113 ; 
• • •. .. i 
': 
: "rf:::-
rv • i 
- • : - ! - . . ; 
1 ' 
- - — • -






ISO t a l l 
.:•-! 
7 WM]y Y'viwm 
iowork2 socecO 
. . , — . 
"iirrt: 
f ::-••. ; : : ; ; - -
4 : . : ^ - . " 
^33 i ; : : 
" " 
-^^ - if; L . . ^ :"lirp_ •-:.i::: ; H : : _-; M\ — - : : : : : 
rrirr ^ — . 1 . . , - . I T ; H : M\ .rrLiirf: in::.: _: ::^  
r~. — " — — ; 
; — 
: 'r • : ; i : ; i -'• •r."j ~ n ; J: 'f.-:j 
: : : ;ZT1 .• _. — s • \ i .-.."?=:: ;:K: t:~. r ni™'!::: j 
[ I" . ^ . L 7 — — . . . . . 
. _ _ . . . „ ^ : ; : - - £?:— -A 1 —-:r:-: 
— r - - 1 : 7 .r, 1— 
0 f 2 .4 3 5 S 
matey6 
(T J 2 4 _ J f S 
mathair matskin 
I - ' I 
i.29 
£ 1 / 2 3 4 5 
credo 
? l g . A - 2 . . D i s t r i b u t i o n o f f r e q u e n c i e s f o r the moat 
i m p o r t a n t o f t h e b e h a v i o u r a l and socioeconomic r a r i a b l e s . 
396 
Gb — 
Agh - - ? 












iOworkO T s M i v ^ v v i w m iowork2 socecO 
i o w o r k i 
ISO. t a l l 
0 / 2 4 3 5 
matey6 
ff" 7 2 4,. J y 
mathair 
0 1 2 < 3 5 6 7 8 
matskin 
f- - • t — • • ; ' 
. 
.: . . . . 
- ; : 1 
^Ll' .. \ • " l 
ZT-—' - r -
- T r r — =" 
• - 1 
i 6 i 
. . . . ; 
•-• • : . I 7 
:•• - J ' X A 
•. . - 1 1. i 
. i 1 ! 
0 T 2 3 ^ 5 
credo 
Pig . A - 2 ' . D i s t r i b u t i o n o f frequenelBB f o r the most 
important o f the behavioural and aocloeeonomic Tarlables . 
Appendix 8,1 
,398 
^ Swe $ 
•MB S t . arror N f « t « l 
S t . 4 « r . ( 8 1 « . ) 
I « u 
•»4a 
Bt . • r r e r N ? o t « l 
S t . 4«T. (Sl«^) 
l o r t . ( t « r t . ) ( S k w . ) Kurt . 























P : 3 2 8 
0.278 
5;426 



























254 260 ' 
0.018 
S r i i i 




























n . 2 5 j 















- l . l " 7 
380 393 
+ 










6 6 > 0 9 








2 8 , 3 6 ? 
2 6 . 0 0 0 















































33 . 000 










38 .957 , 
40;oo0 








•0 .06 i ) 
383 395 
52 .342 




- 0 . 3 t 5 
252 260 53.902 53:000 
2.502 





i ; i 5 2 
0,301 
4 ,786 
•3 . 618 
252 260 
f 












- 0 . 3 8 2 
381 39"3 
4 
Table B . I . Soffle alemertary a t a t i a t l e a f o r the non-coapoaite 
aamrlea. F u l f i l m e n t o f the normali ty c r i t e r i a . 
399 
Spa 
Mma S t . s m r N T , t « l leaa 8t. error M ToXaI 
*><• B t . 4«T. (aisA M s Bt . 4«T. f Sit,) 
30,386 
29 . 000 





















3 6 ' 0 J 0 
0 ,920 
5 .3BI n:47a 



















36 , 000 
0.196 
0.423 
4 , 3Jd 
P . 3 3 7 




















i f J a J a 
• 0 I 0 8 5 
0.444 

























- 0 . 1 9 9 
0 .414 
4 .217 104 104 62,535 62.000 





21 .825 0,354 104 104 2 3 . < § * 
191000 31615 22,e»l 
|I5>«3 0 .724 • - •>} *- 0 .066 a .388 
28.450 0.412 104 104 30,178 5 . 1 ? ! ^ ^ * 
29!000 4 ; i$9 30!000 4.317 
: i l :772 0 : P 5 6 - - -0 :0?? - B . I C 6 -
f a,474 0.411 104 104 30 .092 0 .435 I I 5 116 4 :000 4: i8S 29:000 4:662 ' 
0 .5o6 o.34n - - -0 :225 - 0 : 1 8 2 
28.270 B.376 104 104 30,33* 0.413 115 116 
- B : 5 0 * B : i 6 f - ) - 0.233 ^ l l H -
32.183 0.420 104 104 39 .354 0.444 115 116 
3 V O 0 0 4 .283 53,000 4 764 
:0 :466 B : I I 6 - 0:''85' 0:464 
49.096 0 .434 104 104 46 .535 0.441 115 116 
4 B : 0 0 B 4:429 49:080 4 .726 
B J B I " 0:126 - - 0.526 a.110 -
l i . f i l 4 .692 52:000 4:748 
96,724 e.454 104 104 97.430 J . J W 115 116 
9 9 : 0 0 0 4,122 99.B00 
-5 :208 - 0 . C 4 9 - - e:e90 0 .186 
Table B . I . Some elemertary s t a t l s t l e a f o r the non-composite 





St . error N Yet*! 
S t . 4 « r . (81«. ) 
•aaa 
Ie4e 
Bt . error M Total 
Bt . 4eT. (81«j) 
f o r t . ( t s r t . ) (Skew.) Kurt . ' ( I « r t . ) (Skew.) 
35 .579 1,877 33 33 38 ,170 46 *6 
| 9 : B 0 8 s:040 5 6 : 8 0 0 . f . f " 
• 8 : i 2 6 o:038 - - - 0 , 8 2 6 - 0 . 1 4 3 
39:000 4 ,999 39:000 * . ' 8 ? 
. 0 : 2 4 6 -0 . 133 - - -o:720 
2|i"l; -IliH - HilH fiin " " 
41.109 0.826 33 33 42,893 *^ 
3 i : 0 0 e 4:746 40:000 * » S 2 | 
. 0 : 0 0 3 - 0 .154 - - . . I : B 6 4 a . ' * * 
45 133 0.636 53 33 46.998 B.568 i6 46 
44 000 3:655 42 000 3 .855 _ 
•0:5)25 - 0 . 3 3 7 - - - 0 , 7 9 2 3 .331 
56.594 0 .727 53 33 57.770 3 ,516 46 . 4 6 
53:000 4.1?8 " 57:000 3.501 
- 0 : 1 8 3 -0 .131 - - -0 .491 a .183 -
62.536 8.564 33 33 63.243 *^ 
6f :e0P 3,238 62:000 i ' T ? ? _ 
-p,: i58 - 3 . 317 - - - a : 4 § 4 B . l ' S -
64.845 0 ,584 33 33 64.815 " - i ? ' *^ 
65:oaO 3,358 66 000 I ' J l f 
• 0 : 4 1 1 0 .«J1' - - o :9 l5 " ' ' ^ 




- i : ? f ? 
33 33 30.180 
0:043 0:o96 
46 46 






















- 0 . 3 1 5 
46 46 
33 .418 0,667 
3:831 
'0,267 












































- 1 : 2 5 2 
33 33 
4 0:628 « 0 . 4 8 7 
46 46 














• 0 . 2 4 8 
46 46 
Table B . I . Some elemertary a t a t l a t l e a f o r the non-eompoeite 
eaarlea. F u l f i l m e n t o f the n o m a U t y c r i t e r i a . 







CO 0 } CO 
S 5 t 
n o i m 
• t « v » mr^" — »v rasK. « > ~ ( \ ( « > « > o « f t s « i o ^ « » S « # ^ « i n » » M ^ N B • S K . 
402 
*> -*> J< 
CQ 0 3 n 
stfts s«>o Mies S'vs stf>s B « S — ««s S M S 
r • » i » ' • • • • 
K W ^ « B « • • ! > > K M • « » V C r ) »aO> - " B 3 0 
SsfO W B > — « » K M S K I A S S — « « » 
« S M « S C U K B r > « C B V K . M K S C V l > I S ' « 
mm* m mm • • • 
^n i v*^  • < ion no <oo « « 
( O i c o l o l e i B i n I C O l e o - f e i 
e o l c o i c o I C D I O l a I t - i r - i i r v | 
_ _ . . i ^ f c S t f ) V O i * * * * ff^UV> rtrt.^ 
o « x Kins 5 » « 2 ^ ^ ; • • ^ 
5 7 = SJa: 5 5 S v .~ . 
• v i « v £ ^ « - v ; . v i —•» 
2 ! £ — z £ « > ' r S « «K» •»*> '^ «"" 
R S " 5 S f * I S ? 5 « -cK» 
" a-fVVN I 0 * > 0 K V M . - • f i i t ' O . - • • « >OI><tn 
OBOni i f i - o » ^ o iM'O K>wr- M n » 
0>-OI>- » » » C>r<0 OO.- O^-O STMO 
0 > » 0 r w O v ^ . - - w > 0 - m o 0 - # 0 
inOf- OOO KOO> oom OOO 
«OtA KOO- « 0 « - • « 0 - « 0 0 » 
o o « o o ^ - - o r - OOO -oom 
•ccyc 
r>iO-o 
0 O O i n o o « » o i r o « ^ « > » - 0 
I ( B 
CM 
I t - I l ~ I 
CM {\J 
^oors* - O * - r \ j iT-on - l o o r * I M K ^ I O 0 " O I A ^orstcM o - ^ c r 
< 3 ^ -O 'O-Jn* flOir**^ rM>0»- * M O O ' ^ ' ^ O 
^Or^i > r O O - J f o o s y r g « - >ir«iKi i T o f ^ j ^ K i - O ' ' V M i o 
C ' < 4 0 0 * A 0 O i T i O o m o O t n O O i r t O 0 » A 0 o ^ r o O J O 
• - O c o c « - » o o m 
» 0 0 - I O-Of** »—OfO , _ 
r g O - - v J O r o •00"-%/ O O r v , f O C O r - O 
flCr^o l A i D O -n>oc> ' ^ « - O a5>*o 
j - O ' O ^ O C M ' / O O ' rOOC- r - C j ^ -"TOO 
B O O » - " - O C M Q O r s i - o o iA 
0 « - ^ O >J ' ^ O r o 
• 
t 
• M ( 1 —^ 
H • M 
. n 
h m M 
6^1 
a B 
I l l 
s ' c o ' o ' o ' e ' o ' o ' e ' a ' 
e n a o ' f f i co a o ' r -
£f*!15 E?"^ * ivvfs m<on nirm ivim« 
«•i.Y f -vv S.VY - « . v i ^  }Tf 
I ? I S 5 i . " S 2 H 515 S B . ' i 





o e o 
CO 
s s 
I 9 I 
• f n o ^ i ^ O o - O r w l A i n j > A « o O O O L A , A O < V I O-l-m ^ O - l 
~«>-» ^.c.- ^ J O o<Ni u '^Oai T - ' ^ ' M i n - c - '^ O'Ci f ^ o * 
H^-CO u - , « 0 . .CuTci i n « p » - f i i « o « i a o X ^ O J - f . - r « 
0 - » < - o > i - o a i n « - o - r o O J O O^y- 0 W > 0 OtfiO 0~ fO 
m o o © . o o » o ~ f O O - > r 0 ' 0 rvo«> t v o o m o o 
J O » n OOO OOO J^ S^ r " ^ o w i ^ o o > -o»- •O '^O 
• ^ 0 « 0 . 0 » . NOO ,r(CX»0 w o e -rO-T . ^O" . * ° . 
« ' « « - « n K ) 0 u r^JiD ' ^ • o o » - o - - 'vi'lO ''^-'O 















as a n 
' n i ! : ' " i » + 0 4 0 4 
rS*" sort S K \ « sotm eoru » r v ^ " - ^ i r ^ -
s««\* ws<o — O S rts« ^ O <«C~W> W S r t . . ••••^  rt-CM 
" O S S M R S S t D S S W S S J J s sw o s«n o« — 
MSB sso ~sr) leso t^ s— ns.<o — 5*^  ss* — 
K S S W S S Oice - ' S S « 3 f > y MsB S & l O wss »sn ssm ms^ ssn msoi o sc^  aia.- s & n • • • • • • • • •* • »• . . . . . . 
M—s rtws ntfs» —.s ose •cc— rt^M t^ cM 
nn w i W W • W W i wwi- W I A I A K I O O O O 
c o A s ' c o ' o n a co 
S i m i s | o l a ) | a ) | o i s i ^ \ 
r~ r- r~ t~- r*-
<oeit% a S O ) » « ^ < w .mom < s > i O ' r t i n ~ K r t r t . ^ . ^ C ^ V O K \ e«>o> K n o . *«M K w w : £sn oo>o rtor. pJ^ o^^  
maw n»rt •>>.<.>) no>» rto.<r»».rt rwoo rtws rti»\o» • • •• ••• . . . 
swo Bws s<Ao sws sw'9 siwfa awc> s w r s s n s 
• t I • t i i I 
••sai wstn cscv ai<as S S O > ' . V S M m K C ' mc.n 
• > s « K S t f O o i S r - > M m o>sr> i>kOO o an K S X I C S ' -os— wKg s S M — s > . msrt w & B «S4r> sss • • • • mmm mw« wc s wsis oi^s A . > . S r».s wos 
rWO W - W W W I W W 4 W W ! wio <o« <o<o «o 
t 0^ I 1 <»> 
0^ I 0\ 1 
.1 <^  I 
I <^  t 
w n t s Q o i s rtsw W - . X m w o a i r t j > o o o 
o i s o t o c a r ^ M . - K « » O O S 
w w w tfWlM s«« rt-»v 9 K K i ( » 0 ~ O W i A 
— W - * . « w « S M S - ^ S S M - 4 S M x S — O 
• I I I I I I 
o o r s j 
» • . 
sras 
I 
m o CM 




M s w a s o rts.w — e « S S f v w s w w S.— 
M S O ) to n s ^ M S O k » v S W W S M W I S O 
n s s M S B O. St S. 
• • • • • • . • • • • • . • . • • K O M ir>c s O W S .<>a> s M K M • ss o o s 
1 ^ Wl»» W W • W W 1 W W W M ntnii 
O S . S 
< c s o 
inws «o 




I I I 
« « o o w K o s n l o ^ ^ — s o i f t o s e o — o i o ~ o r ^ i n 
< N * » ) 0 K « « -oo o r t w r . o r t s » s c \ , d — w 
l a s r ^ K i A - . c D S i o A J O M o»«in o a > « » ^ n - . K — O O — r > 
S W S S W S B W S B W S S W S S r t S s w a S W S S T » » 
• . I • • • « < 
• S s s s ; i S ' r 2 T j s - i s r • ^ s r v rtsoKiBrt 





, • e 4* +» J« 
0} » CO 




S o ' 
: : i 
+» *» J4 
CO 01 CO 
9 0 3 
a a M 
I P - | t - ( e - | p - | t - | e - | t - | r - l 
t ^ l t - ( p - | r - | t - | t - l r - | p - | p - | 
SNrt J^—rt (M*eO (MWK KlOft WWS Khvrt c?(0« 
. . r s . o > w s o l o e s s M - * s o n i v r ^ w n o t o > « i r > f « . K C M S 
s o t o otmm w s w w o t o t s e o K n - « « . w ^ . o > rtw^ C M S O 
404 
r - | r - , | t - | t - i e - | P - | i - | r - | 
| r - | t » | t - | t - | t r | t - ( t - f 
i » v * o r ^ a o o < # . - l o r - o S £ : t ' 
^ < M i n - o r - i * . f - o o » o a t o o o . - » o o r - » o O O r t i w t i n 
t - 0 0 N O M - J O - o i r-^-v> r n - O ' w v o e o • t o n « « f > - o r x n o 
.MtMS SNS ^ r > 9 — r t o .«CMS — w s ^ n 9 — r v a M < O S 
I I I I I I I I 
WSrt CSOi rtSrt 0>S« — r t S N »«N w « « 
S^W (VSS WSS M O n PvSS SSW WSx M O M ^ s o 
rusrs w s — . . s o v s t o s s s s s < o . " e w w s m — <sfM 
. . f ^ ^ O » - > » 0 t - » « 0 r - r t O r > * o . - ( V r O O r ^ n O ' - • " O T ~ « 0 
O k o ^ - T O * - - l O r t a . o o > i j r ) « o 0.0^ o-o>r » o » soo 
<\(oc4 T-00 .-00 r x O r - C X D r t « v O t - r 4 0 - < f i O t r t i r o i n 
»0>^  (VJOO> N O O ^ o t O C a O r t «»0«# - * O f * - 00O» rtO<A 
S-^ S WS.. SrtM ^WS O N . — MrtS MWS 0>WS 
rtrti rtw rtr»i' rtrt rtr» w w i m m mm 1 o n 1 
o 
c- • 
. - < n O eo^>r - f ^ r t y - o ^ - e • « r < M M o r * r - rteoo 0 0 ^ 
f v * - 1 r u M I r g » M | nt\t 1 I M T M fnK> I « v » | l o m I 
p i p i p i p i i T ' p ' t ' p . i f : ' 
x r M n . O W O > W S ) < 0 . . . . M S O I S 0010 O O O K i f l O - < W « K 
o f M o S £ M 5 2 * 2 ^ - l o -
i ? S f s « > s » o o e a o « o > w « o o > r x c « « o - W S M W P S W • • • • • • • • • • • • • • • • • • 
s - r o ® > n o s r f ' O s w s s w s o " s ^ ' ^ ^ S " ^ ® 
I M Q O w ^ s ^ » . o i « f » » . < e s l o s w o o r t o s s o c s r v K O U ) 
i s c s s — W 5 W rtSM —swi f v c a s esw M S ^ ; 
0IO>S N K N . M S K M S ««a —d S —rt S « «•( 
* • t . . . 
. - H 0 « « M . - r t - » r t < « « - 0 0 
» o r x . r a r t > t O \ o » f ^ ? ^ » - « | - -
«rK.>» .^o -"^ o » > O M ir>«a - ^ ^ ^ 
o > t o d i n o 0 1 ^ 0 o > * o o . » o 0 ^ 0 o . # o 
I I 
mm O I A 
O O f > l>.0<a 000 N O * . » - o o < > o o . " o - # w o o o o j ^ 
( O c a . - h . o « M o o o r a i « - o . - > r o « > : » o ^ <>S!^ 2 2 1 ? 
• O O I M O X D S —OOO T - O r t ~IOI<-> " - O - * rtOO 
i ^ " o a U o ( ^ o r^-^o - j o i p 00.0 
r-t 






r . i 
*• •>• M 
CO CO CO 







I 18 I 8 • a 
' 8 ' 8 ' 
• 8 ' 8 • 
N W N «KK osK.« wrtrt -<ria —es tv—«> mmK 
« M W K<e« fWS C O > « O i « 2 0 ^ ^ ~ C t O " M O l W ICWrt 
« 9 « w a s Scm «o«— a « W M aoin c^ ^^N « w « 
• • • • • • • 
sns sns •.no sws sws sws «ws sws ^ws 
t ( f i l l 
2 £ T 
oi^OK iftSM <osn «siA rtss na-< «sa K S N K J O W 
—wa aM.. — o— aK« S i ? wa-. wrta sVa Ma'a rt«t wrti wi«>i wr»i rtn* ww i me on «oi 
(O^ N» >(/^vO r^ fMfs. }^-r>w% OOO*^  • - t r i O /^i/l ^ f ^ i T t 
iOOr> <Of^»- o ^ . - ^ o ^ ~ O-OW •0'#« . 
i/»Ok/» .^.-•n rK^^^.J o .^OO P ^ . - . * r*0*- Onrt 
• M O . -
.-.<jrt 
0^0 o - » o o r t o o > ^ o o r . 0^0 0<#0 . - l / l O O r t O 
o o - ' • o o o ' o o e e r ^ o ^ o o a i n e o o o « 4 " n o ^ ? S ? 
«>00 c ^ o o 0000 • n O r t rtor> i ^ o » - O O * t l O O " g j 
roai>< r > o ^ o o > » l o w ^ OlO-' < o o « . ^ o • * - ^ o ^ -
oVa a^«o 00^ 0 r^OkO inno -r*o JIS? 
405 
• 




• ' • • • l a i e i a l e i j l j , 
5 ' 2 ' 2 l 2 ' « l « l 2 i « l a > | 
r S ) ^ " O * ^ K C \ S ^ 
•O • —J 
I 
O K A <e^ 
• m mm 
—OS •^ ..s 
• I 
——M m a — 
US? B C — a s « — r t e o i . 
• O K cMSc>( o i s s — « ( n « o « 4 n 
' ' • K s s s » s « » - s o . S M • •* • • • • • • 
f*BtS ^ S « ( V — « & « S 
• o s t 
• • . • • . 
i n t o I 
CM S i n 
• 
— 
• • • 
—MIS 
i 
• • * ««« «« • 
1 \ 
' 5 ' 5 • 5 5 + 5 ' 5 ' 
5 ' 5 ' 5 ' s ' o 5 -^ 5 5 ' 
H 
ntn — 
• • • • - « SUM 
• • 
m s K . 
i n so K O O 
0>B>* 
• — « • —*>* OtlfiS » ^ » 
- ^ O O (MSCO 'OOtO) »^(MR tCKS n^oD 
> • « K i e n i«\s>- in—<v msea ' v — ' T O K M 
• « S '«s smia s^Q &W)M s « s «»o*s 
• • • ( • ' t 
iCX> C V S r « (SSCM 







« . 4 . M 
O I 9 I CO I o 
e I « I « 
•Ofiir^ «oa 
e S a 
? * " ? — 
• • • 
I 5 I 
CO I O I S I 3 ) I 
^ ^ — 
l O f M i O S S f i 
cv-s 
O C M S 
n — 
• 
s c M c a 
( 
— I V » \ 
i n - . o 




. • • 
• C M S 
««— ««— « « « 
M M " S S f < « • • S 2 £ » " > • * • x B S mstft sso ns— • • • • • • . • • • • • • • . 
(M««« (Wins (M»« S«^M 
« « M «e>0 S 9 * S S A 
• an sort «s-« ssn 
n^SB rtSN. mss 
<eo« ««a - O S mm a 
«^ KWtl ««• ««l 







• . « 
4» •»• J4 
en 03 CO 
95^ 
B 




r - - <--• 
C - . r - . 
• B i e n n s s s s o a s 0 *itt» s s s s a n I O S K D S K 
S S s S s s S s s S s S cis^r S s o j o w j ^ ^ 2 ^iSS 
s s m ssa> K S ( M N S I A - S « S S O ~ / > ^ m s s 
• V - «MO - 1 ^ - n<M «<«JMn «)io«M o o w 2 2 < » 5 « < o 
./t^«v# i f l B v a o ' . f O — o m ^ eofw < K W . 
- o < « — - O M - * O K i - » i r - ^ i r i r ^ < M O f w i n ^ ^ " ^ I r r Z 
KiKio s»>no irw-o nviin o»«in - - . - O > » « M " " ^ " ^ 
. ' y ^ f-tno f v r O O rtM^O —>»0 »>*^ 0 —10 « — ' O » ^ 
h<*n K O O N O O •^joo K O j ^ O I O 
>000* »'>00 .-00 «0»* » n O O K l O ^ « 0 ; ; 
<joi^ ^om irom « O f O >ooo 
tf^vV 0 4 ) 0 lor-o Kwvv> o*— ino-- » < n O 
f>jr4i K 1 0 . I torn n n i rirni I I W W I I - o * ! 
I I 
«> I 
NO I >0 I • I •«• I 
ioin« 
o i r a j ir«M>r ( S M M T I I V V M - C M I . ~ I « A J N K I r - o m I « J - » 0 ' ^ • ' X ; ? 
^ > A r \ c i ^ - ^ 0 3 1 ^ . 0 M M I ^ ' O ^ * T O * * O ^ — . A O O ilSjS SSW^  S ^ O I ^ O K J O M r « « < > - ^ « 
O K i o o n o aK>o o r j o O < M O O M O » 
I I I I I • 
• > • • • 
— o ^ — 
I I 
S B M « S « > M S M — S — V S « 
O S K n S S S S n S s S <T>sS B S S » S M 
* S « S S n S S S r^oxo 
. ^ 5 « V £ ^ s- ->v«- • 
V S « I K S S I 
CM — S 
— B S 
n s e 
O S M 
• 
«<e 
5^ i i ^ H j i r # i s ^ 
^ j o , ; ^ c ^ ° £ ~ 








• B M 
I I I 
\0 I >0 — — — ^ — 
UN , t f N | r f j i « > i y i i ? i i p i i ? i e 
I « I I >a I — — . ^ 
jN , rfj , U> I UN I U} I I f I i » I 
o « n 
• • J r ^ 
• • s v s ^ m.mm S M •*> 
( M M Z S S M ' « 
« s « A«» » » « 5 : 2 2 f S S 
K S - I M S S N S * 2 5 2 t * * 
- M M > • • • • 
^ j - A t s a ? 5 5 7 s s r s s r s s ? 
M-,0> M/>CO K,C^O. '"•^1 ' " ' ^ • ^ « K 1 0 l O O J r - r - ~ 
•> .nXj j o f - ^ i c v o '^-r-o -i'Or^ o r j t ^ r - f - - J ^ o i / ^ o o 
2 5 5 P !?6 ' - 1 0 0-0^ or-O 0 0 « « 0 ^ _ ~ r - » - > 
OcOci O r i r - ' C3r.Io O r ^ O " - " j ^ 
r - O t - > 0 0 ' « r - 0 « O O * - ^ 0 - » i ^ o r v j 0 0 0 ' ^ 0 0 r - o m 
J S ^ ^ 5 " 0 0 ^ o o « o - o i ^ 0 0 0 ~ f O « v O O « 
; I § 0 « 0 ^ S o ^ ! ' ^ O ; - ^ O ^ ^ » 0 0 O J O r t l / ^ 0 - » , - 0 ^ 
B»o>*cj l O r i o « . o — ' " • C O K l c O i ^ - O - < - 0 . -





i l l 
• • M 
l i 
*» M 
a s s 
1 - 1 - 1 - 1 - 1 - 1 ^ 1 ^ 1 ^ 4 
e o s K Ms». n c « oo~ K e»> 
O S S .«sp> ssts N & I O nt«.> CMsm n c M n a « Ms«) K « s oai^ 
• • • a a a * . . " O — «WM «>WK mss Kt^ B MW S WWrt 
» V » WW WW WW • WW <o« « O I « o 
I 2 , 1 R I 2 • M ' M ' M ' M M ' c a ' r n 
3 ? ^ Hf 21 IS jsl Hi m 
- ? - f -i^ r -S"? - V i . v i . I , - . -
-M 5.15s I k SB S|| =15 ~|; 




s ^ > . N »mw SMM sow sow M»s .s w c v . • • M O rvcorv 
MO<n vort ews a>sM K W S O^^M new M M ^ ^ saw MWB r M t ^ 0«>M —WW MM— Ottr t » r t l s «—S • ••» • • . . . . —w— —ws —wa —wo —wo ana SrtO 
• SM s . o m — B I O wsto wsa B C M 5 » O asw oco 
m S M BBS rtSM OSS OS— S ^ BIBS rtSO W OS loaa B B M >^ ie*^ « « - »^ a»- s s - sso C M S -— • • • • . . • . . . . . a—• ms.— Ka— o « c nrtB soc W M S M O — 
W W W W W W W W W W I W W I axo «« «« 
Appendix C . I 
409 
37H + AS*? 
r 
• I p . 
. r r 















T»U1 Du? t>u3 Du4 A1 A? : A3 i Duln 
a ' - O . m -0.192 .-0.183 j - 0 . 1 7 0 1-0.159 
S: i I . £ ; 
0.048 ; 0.061 I 0.065 
0.014 1 0.006 i 0.008 O.OU | 0.0g3 _ 




- O . O ' I 
i 
I 
1.000 9.909 ! 0.811 • 0.754 i 0.717 -0.023 : -0.034 - 0 . 0 3 7 - T . 5 6 1 , 0.659 
i 
0.000 0.001 ; 0.001 0.001 . 0.C01 
j 
0.001 ^ 0.001 
(\ ^.000 1 0 .078 0.948 i O.njO -0.035 . -0 .045 . -0 .047 -0.289 0.587 
C 
0.000 i 0.001 : 0.001 i 0.001 — j _ 0.001 ' 0.001 





i 0.000 j _ 0 .001 i . o-oo.i... 0.012 : O.OOI. 
"! 
I • '.•'»O0 : 0.006 -n.033 1 - 0 . 0 3 ° ' -0 .040 -0.135 i 0.383 
j 0.000 • o .oov i _ • 0.054 
i 
I 0.001 
IT .' 1.000 -0 .031 . -0.037 -0.037 -0.120 ! 0.353 
e i 1 1 0.000 - -' _ 0.084 ' 0.0CT1 
i 
i 





i 0.000 . 0.00^ 0,001 
1 r 
i 




0.000 0 .001 











• i 1 
1.000 -0.856 
3 
C : 1 
i i 
1 
1 0.000 o.oot 
K i 
• 
I 1 r 1.000 
3 P i 
J ~ ; : . 1 • 1 OvOOO 
Table C . I . Zero-order cor re la t ione and e lgn i f i cance 
c o e f f i e i e n t a ; behaTioural Tarlablea and age. 
S ign i f icance l e r e l : 0.05. Malea and females aeparate. 
410 
SPA • AST A (3 /4) B » 78 
. r i ? i . . r si<r. ! s i r . 
' r 
s i r . 
! P 
: s i ^ . 
r 
s i e . 
p 
B i g . 
' 
Du? T>u« ; Du9 • A1 I A? . A3 Puin Dulg 









o ' — 
0.470 




- 0 . 4 £ 0 j - 0 . 4 5 1 
0.001 ! o.noi 
-0.073 ; -0.069 




0.036 I 0.022i 0.001 
-0.043 ; -0.042 0.168 
I 






-0,054 I -0.044 1 -0.036: 0.003 i-0.017 
I 
^ I.OOn 0 ,a°1 i 0,972 • 0.951 : 0.^3* 0 , 4 1 ° : 
3 
3 
O.QOO o.OO^ : 
1 . 0 0 0 I O.o"5 
0.001 : 0.001 • 
0.984 j 0.972 0.411 
0.4^7 




0.001 • 0.001 










1.000 : 0.997 0.991 
o.goo.;' o_..ooj I O.OOJ i. 
: 1 . 0 0 0 i 0.998 \ 








0.434; 0.465 -0.825 
0.001 .P.-P<>L 





-0.790 ; 0.890 
o.oci • 0.001 0.001. ' o.oo.y 
I 



















1 , 0 0 0 
0 , 0 0 0 , 
0 , 9 8 7 
0 . 0 0 1 
- 0 . 3 6 8 
0 . 0 0 1 
0.441 
0.001 
1.0O0--0 . / !Of j 
O.OOQ: 0 . 0 0 1 '• 
0 . 4 7 3 
0.001 
1 ,000 






QB 4 AGB 
* r j r 
a l g . ' eie. •• a i r . 
T>u1 i Du? 
B i f F . . alB. 
( 3 / 4 ) i = 31 
r 
s i r . 
• r 
a i r . r 
ai(r. 
r 
• i g . 
I>u3 T>u4 • Du» : A1 A? .A3 Duln !>ulg 
3] -0,305^-0,295 , -0 .281 | -0 .277 1-0,274 0,050, 0,050 I 0.051 i 0,397 
. i 
• -0.1801-0,162 1-0,146 1-0,134 : -0,125 0,0-54 0 ,167 ! '•'.050 ! 0.198 
-0.307 
0.094 




0,956 . 0,027 





-0 .180-0 .175 -0.167 -0.909 0.977 
- • - - 0.001 O.OOT 
c^ .• 1,000 1 0 , 0 0 2 •• 0,076 
3 1 : • -e-. • 
0,000 .' o.oor ; o.oov 
-0.158 ;-0.153 -0.147 -0.327 0,927 
- • — - 0.001 ; 0.001 
l<^ . 1,000 : 0,QQ6 i 0,086 -0,142 
; i 
1 : 
0.000 i O.OOT^ O.OOT i 
" 1.0^0 ! O .Q97T-o7l32 
1 i • i 
O.ono ! 0.004 ' 
i-0.139 -0.134 -0.757 • 0.875 
1 
i 
i - - O.OOi - 0.001 
^ • 
3; 
|-0,130 -0,127 -0 ,706! 0,833 
' - - • 0.00^ • 0.001 
in • i 1.000j -0 .124 i -0 .124 -0.121 -0 .669 1 0.800 
\ \ i ' '. • 
• O.oool - 1 - - 0 .001- 0.001 
i '• 1 
=i ! : i • 
1 • ;• 
1 1 ; : 
1.000- 0.OO6 0.985 0 . 2 3 8 - 0 . 2 0 9 
-: ' i 
0.000- o.oo: 0.001 
f , ' t 
S' i ^ 1 i 
i 1 • i 
1,000 o.qgs 0.232 -0 ,203 






1.000 • 0,224 i -0 .195 
; ; 1 








: 1,000 -0 , 97s 
' 0.000 0,00.1 
ec 
3 




i ; 1,000 
! • i i 
1 1 0.000 
BTE • ASWi: ( 5 / 4 ) S - 519 
T T r 
• I c . 
f T " r 
• I f . 
p ; r 
: n i p . 
r r 
Du2 traf 7>u4 I I>u» A1 I A? .A5 
- 0 .061 - 0 . 1 5 5 
o.oie 
* - 0 . 1 6 4 | -0.111 
° , 0 .003 ; 0 . 0 5 0 . 




.0 .157 - 0 . 1 6 5 j - 0 . 1 6 5 
o.oof I o .oo ; j 0 .003 
-0 .067 T - 0 . 0 5 3 1 - 0 . 0 4 ° 
-0 .000 : -o.ooa i - o . o i o 
- 0 . 0 1 3 1-0.030 UO.044 
- 0 . 0 1 6 LO.024 -C 
i 
-0^ 037 
- 0 . 0 0 0 
0.029 
- 0 . 0 1 0 
-0.019 
-0 .12? 
0 . 0 3 0 
0.001 0.002 . -0 ,049 I 0.090 
t 
' • I 
1.000 0.850 1 
_Z: 0 .000 0.001 
cv 1.000 




0 .945 O.°3o 
0.000 ; O.OO'' 0.001 I 0 .001_ 
0.203 ; 0 .236 
0.001 • 0.001 
0.183 : 0.224 
0.001 ' 0.00'. 
0 .265 
0.0C1 
- 0 . 4 6 1 0.865 
0 .001 ' 0 .001 
0.264 
0.001 
- 0 . 1 9 3 0.490 
0.001 ' 0 .001 
I.OOn 0 .0^8 i 0.<)Q6 0.161 ; 0.201 0 . 2 4 ? -0 .076 0.277 
: i • i • 
0.000 • 0.001 i 0.001 0.004 i 0.001 I 0.0C1 - . C.0C1 , 01 
1.000 '• 1 . 0 0 0 * 
O.QOO i . _ 0 . 0 0 l _ ' 7 1.000 
i 0 ,000 
. .  J i > i P P l _ : A - O C l . 
" 0 , 1 5 5 ! 0 ,194 i 0 . 2 3 5 ' 
• j ' ' 
0.006 ' 0.0C1 : 0,001 
-0 ,047 ' 0 .219 
- : 0 .001 
0.154 ; 0 ,193 
0.006 : 0 . 0 0 1 
1.000 I 0 .984 
0 . 0 0 0 '• 0 . 0 0 1 
0,253 
0 .001 
-0 .040 ; 0,205 
- '' 0.001 
0.948 
0 . 001 
- 0 . 100 0.162 
0,074 0,001 
1.000 0,988 -0,111 0.202 
1 0 , 0 0 0 . 0.001 0,050 0.001 
1 .000 . - 0 , 1 1 5 i 0 .211 
0.000 • 0.046 ' COOI 
1.000 I - 0 , 7 6 7 
0,000 I 0 .001 
i 1,000 
0,000 
4 1 3 
87A * AS?A ( 3 / 4 ) I « 76 
• U . 1 • I f . 
• r 
a i r . 
r I p ! r 1 r ! r l p 
• i g , ; • i c . : j B l r . ' B l f ! . 1 a l p . 
r 
• i f -
1>ai ! Thj? i Du3 I>u4 1 Dul ; 41 j A? ; A3 i Duln !>ulp 
9 - 0 . 4 7 5 - 0 . 4 6 J j 1 
O.OOJl 0.001 
- 0 . 4 4 9 
0.001 
- 0 , 4 3 6 j - 0 . 4 2 6 
i 
0 .001 1 0 .001 
- 0 . 4 6 2 
0.001 
j -0 .474 j - 0 , 4 7 9 
j 0.001 i 0.001 
0 .454 
0 .001 
- 0 . 4 7 2 
0.001 
« . - 0 . 0 7 0 j - 0 . 0 8 0 
£ ' i 
o _ ! _ 
- 0 . 0 8 5 - 0 . 0 8 4 i - 0 , 0 8 3 
! 
- 0 . 0 8 ? 
- 0 . 0 7 3 
(-0 ,091 ! - 0 . 0 0 6 .0 .035 -0 .054 
» : - 0 . 0 4 6 - 0 . 0 4 1 
9 L " -i 
- 0 . 0 3 8 - 0 . 0 3 6 j - 0 , 0 3 5 
i 
- 0 . 0 6 0 -0 .051 i 0.054 
_ ; ! 
- 0 , 0 5 0 




1 1 1 • i • ^ ^ 1 
(= 
1 .000 0 . 9 9 3 
0 .000 0.001 
0 .976 ; 
0 . 001 ' 
0.963 1 0 .051 0 . 6 9 1 ; 0 .699 6.696 . - 0 . 9 4 7 0.988 





0 , 0 0 6 . 0 . 988 0.080 0 . 7 1 7 ; 0 .728 0.725 - 0 . 9 0 5 0.063 
0.001 ; 0 . 0 0 1 i 0.001 0 . 0 0 1 : 0 . 0 0 1 . 0.001 0.001 • 0.001 
i 
1.000 : 
0 .000 ; 
0 . 998 i 0 .994 0 . 7 3 1 
0 .001 i 0.001 . 0.001 
i 0 .743 . 0 . 7 4 2 - 0 , 8 6 8 • O,o36 
0.001 '. 0.001 0.001 0.001 
1.000 i 0 . 999 





0 . 7 5 1 0 .751 , -0 .841 j 0.915 
i 
0.001 : 0.001 0.001 : 0.001 
3 
I .Onoj 
•' 0 .000 : 
0.755 0.755 - 0 . 8 2 2 j 0.898 
0 .001 : 0.001 • 0.001 ' 0 .001 
< • 
1 1 I.OOOj 0.993 0.979 - 0 . 5 9 2 0,650 
• i i . • I 
1 i i 
1 ! 0 ,000 0,001 0,001 0,001 : 0 ,001 
r. 
i 
: 1 • ; " i i 
1.000 0.996 - 0 . 5 9 3 0.654 











: 1.000 : - 0 . 5 8 6 1 0,649 
'• O.OOC j 0.001 ! 0.001 
r 
c 
1 1 j 1,000 j - 0 ,985 








i i i 1,000 
i ' i 
1 i j 0.000 
4 U . 
GB * AGB ( 5 / 4 ) 45 
.p 
a l e . 
r r 
a l e . 
r 
s i r . T I T ; r r a i r . r a i g . 
T>u1 Du? I !hi3 THJ4 A1 ! A2 , A5 : D u l n I h i l * 
- 0 . 2 5 2 - 0 , 2 6 6 | - 0 , 2 6 5 j - 0 . 2 5 7 j - 0 , 2 5 4 { -0 .501 i - 0 , 2 3 8 i - 0 , 2 7 2 0 ,152 
• - 0 . J 9 ? 
0 . 0 7 6 1 0 .082 I 0 ,090 j - 0,045 j 0 ,055 1. P 
- 0 . 1 5 6 1-0, 124 1 - 0 ,105 : -O,095 - 0 . 0 5 9 I - 0 . 0 5 1 ' ! - 0 
0.070 
,065 ! 0.258 
- 0 . 0 6 7 - 0 . 0 6 1 
5! 
1: 
-0 .051 ; - 0 . 0 4 5 i - f^ .058 
! I 
• I 




- 0 , 2 0 2 
-0 ,251 
0 . 5 0 9 : 0 .540 0 ,051 1-0 ,056 
0 ,059 • 0 . 0 2 2 : - ! 
3 ' 
1.000 0.Q64 i 0 .^07 : 0 , 8 6 6 i 0..?45 - 0 , " 5 6 - 0 . 0 7 2 - 0 . 0 8 S - 0 , 8 1 2 0 . 0 4 6 
c • 
0 .000 0 . 0 0 1 0 . 0 0 1 : 0 . 0 0 1 f^.ooi _ : 0 , 001 O.OO* 
a . 
1 .000 i 0 .986 
I 
0.O67 i 0.954 0,062 0 . 0 4 5 , 0.022 -O.640 0 .829 
C : 
0 .000 i 0 , 0 0 1 0,001 1 0 ,001 _ 0 , 0 0 1 ' 0 , 0 0 1 
iri j 1.000 ; 
j 
0 .996 i 
1 
0 . 9 9 J 0.125 0 . 105 o.oeo - 0 , 5 1 6 ' 0,728 
O '• 
1 0 , 000 . 
i • i 
0 . 0 0 1 1 0,001 ; 0 , 0 0 1 : 0 , 0 0 1 
1.000 i 0.999 : 0 .152 0 . 1 5 0 i 0.106 - 0 . 4 4 9 i 0 . 666 




0 . 002 i 0 . 0 0 1 
lf> 
3 ' P • 
j I.O^X) i 0.164 i 0 .141 ; 0.116 - 0 . 4 1 5 i 0 ,637 
i- 1 0.000 ! i . 1 0.004 •  0,004 
I I.OOOi 0.996 0.984 .0 .349 ; - 0 . 2 1 4 
0 ,000 , 0,001 0,001 0.018 
I 1.000 0 . Q O 6 0.556 - 1 . 2 2 5 
0 .000. O.oai 0,016 
1,000; 0 ,559 
0 ,000; 0 ,015 
- 0 . 2 5 4 
1,000 - 0 . 9 5 5 
0 . 0 0 1 
1.000 
0 .000 
4 1 5 
S»H • kSWE ( 3 / 4 ) S = 211 
r 
• I r . 1 »• r a l l ' . r a l e . r a i s . r Bif.. r s i r . r s i p . r Bin. 







- 0 . 1 9 8 
0,004 
- 0 . 2 0 5 
0 .03 
- 0 , 1 8 0 
0 .006 
- 0 . 1 7 3 
1 0 .012 
-0 .161 
0 . 0 2 0 






- 0 .114 
0,0QQ 
- 0 .073 - 0 . 0 5 5 i - 0 , 0 4 7 
i 
- 0 . 0 4 3 0.028 0.034 0,028 i 0,074 i - 0 , 1 3 6 i 







0.030 0.005 - 0 . 0 0 5 j - 0 . 0 0 7 
- I _ 










* ; a: 
C l . 
- 0 . 0 7 3 - 0 . 0 8 5 j - 0 . C 8 8 - 0 . 0 8 8 
0.359 1 0.318 
0 .001 '• 0 .001 
0,286 
0 . 001 





• ^ i 0 .000 
0.891 ! 0 .779 i 0 . 7 1 9 j 0.683 
0.001 i 0 .00^ i 0 . 0 0 1 i 0 ,001 
-0 .048 1-0.060 
1 
- 0 , 0 6 7 : - 0 . 4 0 2 • 0 .803 
i 
- i O.OOf ' 0 .001 
t^ -i i 
C i ; 
1,000 j 0 , 9 7 5 
0,000 1 0 ,0OJ 
0 . 944 
o . o a : 
0.016 
0 . 001 
-O.OM - 0 . 0 5 5 - 0 . 0 5 0 i - 0 . 1 6 8 0 .498 i 





0 . 000 
0 . 0 0 2 
0 . 0 0 1 
0.078 
O.OOJ 
-0 .038 j -0 .046 
1 
- 0 .047 1 - 0 . 0 8 7 1 0 .352 
i 
1 ! 









0 . 0 0 1 
-0 .034 j - 0 .040 
1 
- 1 
-0 ,041 - 0 . 0 6 3 ; 0 .297 





- 0 . 0 3 1 - 0 . 0 3 7 - 0 , 0 3 7 j - 0 . 0 5 5 j 0.271 • 
i ' 
- ! - ' o.oot j 
i 1 
i ! 




0 . 001 







i ' i 
* l 1 
1 1 j 
1.000 
0.000 
0 . 0 9 1 j - 0 . 0 2 3 
1 
0 . 001 : 
- 0 . 0 3 0 1 
i 1 
5^  1 
i ! 1 
1.000 1 - 0 . 0 2 0 
0.000 1 













4 1 6 
SPA + ASPA ( 5 / 4 ) !I = 104 
r 
a l e . 
r i r 
a l e . 1 a l e . r a l e . r a l e . r a l e . r a l e . i ^ 
a l ? , I a l e . 
r 
a l e . 
Df 1 1*2 T)«5 W 4 E f 5 A1 A2 
1 











0 . 0 0 1 
- 0 . 415 
0 . 0 0 1 
-0,261 
0,008 













-0.060 -e,105 1 -0 .089 
i 









0,024 -0,054 -0 ,048 j - 0 . 0 5 0 
J 



















• g ! 0 .001 
a; 
S I 
0.041 0.045 • 0,058 
t 
0 ,055 0.091 i 0,096 0.099 i 0.129 - 0 , 0 9 0 : 
i.OOOl 0.°25 ' n.866 i 0,856 
0 ,000: 0 .001 ' 0 ,001 i O.OOJ 
0.519 
O.OQt 
0 ,560: 0,585 
O.OOf' 0 , 001 
0.401 , - 0 . 5 6 9 
0 . 0 0 1 ' 0 .001 
0.822 . 
0 . 0 0 1 : 
. 1.000 i 0 .989 i 0 .077 
1 1 




0 , 0 0 1 
0.422 
O.OOI 
0.448 ; -0,295 
i 
O.OOK ! 0 ,002 
0.555 ; 
1 
0 . 0 0 » i 
1 1,0^0 j 0.<l°7 




0 , 0 0 1 
0 . 5 9 9 
0 . 001 
0.428 j - 0 . 1 9 9 
i 
o,oor 1 0.044 




^ 1 i 
1 
1,000 
0 , 0 0 0 
0 , 9 9 9 
0,001 
0 , 3 3 1 } 0.372j 0 ,405;-0,170 
1 1 




• i ! 
j 1.000 
i 0 .000 
0 .508| 0 . 5 4 0 j 0 .579 : - 0 . 1 5 9 
i i 1 
0 . 0 0 1 j 0.0C1i 0.001 : 
0 ,598: 
0 ,00t : 
= i 1 ; 
i • i • I 
• 
1.000 
0 . 0 0 0 
0 . 0 8 3 j 0.945 i-0.090 
O.OCl i 0 , 0 0 \ : 
0 . 1 9 5 | 
0,048 
! 



























4 1 7 
CT + ACB ( 3 / 4 ) tf , „ 32 
r 
a i r . s l K . ! s i r . 
r 
S l f f . 
r 
s i r . 
r 
a i r . 
r 
a i r . 
p 
a i r . 
r 
a i r . 
r 
a i g . 







- 0 . 3 2 0 
0.066 
- 0 . 3 0 9 
0.086 
- 0 . 2 9 3 - 0 .284 - 0 , 2 7 9 0,036 0 .037 0.038 
-







- 0 . 2 1 3 -0 .201 - 0 . 1 9 4 i - 0 . 1 8 7 
j 
- 0 . 1 7 9 
i 
0,156 0 .157 0.162 i 0.275 
- I - ! 









- " . 0 8 5 - 0 . 0 9 0 - 0 . 0 8 8 ! - 0 . 0 8 4 
1 
- ! 





1 1 i 
\ 1 
i i 
1 ! 1 
•51 - 0 . 0 4 3 1 - 0 . 0 5 0 j - 0 . 0 4 6 ! - 0 , 0 4 2 
^ ; 1 ! ! 
V: 1 1 • 
Cj _ 1 _ 1 
- 0 . 0 4 0 
-
0 , 1 7 2 i 0 ,169 •0.168 1-0.067 i - 0 . 0 0 2 i 
I : i 
I - i - 1 
] 1.000' 0.977 [ 0.042 \ O . O Q O 
• i^ 0 ,000: 0.001 ! 0.001 j 0.001 
0.882 
0.001 
- 0 . 1 4 7 ; - 0 , 1 4 3 - 0 . 1 3 7 : -0 .721 : 0.942 ; 
- i 0,001 . 0.001 ; 
t^ ; i 1.000 i 0 .991 j 0,974 
i 0.000 O.OOf i 0.001 
0.055 
0,001 
-0 . 141 i - 0 . 1 3 8 - 0 , 1 3 3 1-0,585 • 0,856 i 
1 ; ! 










- 0 , 1 3 2 - 0 . 1 3 0 ' i — 1 1 - 0 . 1 2 6 i - 0 . 5 0 6 1 0.790 | 
- I 0.002 ! o.obi •' 





- 0 . 1 2 4 1 - 0 , 1 2 3 
1 
- 0 , 1 2 0 j - 0 . 4 6 0 j 0 .744 i 




1 0,000 ! 
- 0 , 1 1 7 
_ i 
- 0 . 1 1 7 \ - 0 . 1 1 5 : - 0 . 432 ; 0 .711 i, 
- i 0 ,013 0.001 : 
• : . ' 1 1 i i .oon 
! i i • 1 
* ; . ! : ! i 1 
: i • i ! 1 0.000 
0 . 9 9 6 i 
i 
0 . 0 0 1 1 
0 .985 1 0 ,055 i - 0 . 1 2 6 i 
i i 
0 . 0 0 1 ' - 1 
s i 1 i 
i • 1 • 1 
I.OOOj 0 .996 i 0.056 
1 i 
0 . 0 0 0 ! 0.001 ! 




^ \ • ! 
1.000 
0 , 0 0 0 







- 0 . 9 0 6 
0.001 
« I j 





4 1 8 
sire + isw?, ( 5 / 4 ) H = 527 
r 
a l e . 
r 
B l R , 
r 
a l e . 
r 
a l e . 
r 
a l e . 
r 
a l e . 
r 
a l e . 
r 
a i r . 
r 
a i r . 
r 
a l g . 





f - 0 , 1 1 0 
0,047 
- 0 , 1 5 4 
0,005 
- 0 . 1 6 5 
0,003 








-0 ,^46 -0.041 -0.041 ! -0.041 
j 





- 0 . 0 5 0 0.104 i -C.075 i 
1 1 
i ' 





0 , 0 1 6 | - 0 . 0 1 9 
1 
Z i : Z_ 
-0.028 1 -0,029 
1 
-0 . 029 0,289 
0 ,001 
i 0.243 
0 . 0 0 1 
0,196 i -0 .03a 1 0,041 j 
1 • 








1 1 1 ( 
! i i 
i i 1 
| | 0.026 
a; 
SI 
-0 ,024 j -0 .047 • -0 .052 
1 
- 0 . 0 5 5 
-
0,237 ! 0,235 
O.OOT ': 0 . 0 0 1 
".326 i 0.004 j 0.025 ; 
0 .001 I . - '• ~ \ 
1,000 
^ : 0 .000 
0,801 ; 0 .60" i 0 ,55? 1 0 .553 
! 




• 0 ,001 
0,294 ' - 0 , 5 1 2 : 0,847 i 
i : 
0 ,001 1 0 ,001 0 , 0 0 1 i 
i 
1 
1.000 i 0,961 ; 0.958 
p.000 I 0 . 0 0 1 ! 0 ,001 
n.932 
0 .001 
0.208 1 0.247 
! 
0 ,001 ! 0 , 0 0 1 
0,285 i -0 .198 0.458 i 
1 ' * 
i • ; 
0,001 i 0 ,001 ! 0 . 0 0 1 i 
^. c 
1,000 j 0 . 0 9 7 
0.000 i 0 ,001 
0.096 j 0.169 
0 .001 ! 0 .001 
0.208 
0 . 0 0 1 
1 1 j 
0.248 j -0 ,068 • 0.220 | 
0 , 0 0 1 j - ; 0 , 0 0 1 . 
-i 




i 0 .159 1 0 , 1 9 7 
0 ,001 ! 0.004 i 0 . 0 0 1 : 
0,256 
0 .001 
|-0 ,058 ; 0.164 j 
! - ! 0.005 I 
i • i 1.000 ! 0 ,156 i 0.194 i 
i ! ; 1 i 
! i 0,000 • 0 ,005 i 0 , 001 ' 
0 .254 
0 ,001 
;-o,05i i 0 ,151 i 
: - : 0.007 ; 
• \ '• 1 1 ' 1.000 1 0.984 j 0.949 
^ : i 1 ' i j 1 i 
! i 1 i i I 0 .000 1 0 , 0 0 1 1 0 .001 
-0 .107 j 0 ,197 ! 
0,056 • O.oot j 







1.000 1 0 , "SO 
I 
0 , 0 0 0 ! 0 ,noi 
- 0 , 1 1 9 i 0 ,215 j 
1 
0.055 I 0 . 0 0 1 ! 
^ i i i j 1.000 
0 .000 
- 0 . 1 2 1 1 0.217 
1 
0.030 i 0.001 




- 0 , 8 5 1 
0 . 0 0 1 





0 . 0 0 0 
4 1 9 
SPA + ASPA ( 3 / 4 ) 9 11= 105 
r 
a i r . s i r . i a i r . 
r 
s i r . 
r 
s i r . 
r 
a i r . 
r 
a i r . 
r 
s i r . 
r 
a i r . 
r 
s l ^ . 
D f l D f 2 . 1 T ) {3 t f 5 A1 A2 A3 D f l n Df Ig 
* 
1 
; - 0 . 4 3 0 
r 
; 0 , 0 0 1 
- 0 . 4 6 7 
0 . 0 ^ 1 
- 0 , 4 1 2 
0 . 0 0 1 
- 0 . 4 2 4 
0 . 0 0 1 
- 0 . 4 1 3 
0 ,001 
- 0 . 4 4 7 
0 .001 
- 0 , 4 6 0 
0 . 0 0 1 
- 0 . 4 6 5 
O.OOT 





I - 0 , 2 0 4 
« 
' 0 , 0 3 7 ! 
- 0 , 1 4 8 - 0 . 1 2 1 i - 0 , 1 1 2 
i 
1 
I - 0 , 1 0 7 - 0 . 0 3 7 1 - 0 . 0 2 3 
1 1 
1 
- 0 . 0 1 2 0.153 
_ 
- 0 . 2 1 8 
0 .026 i 
1 
e c 1 
I . c 
- 0 . 1 4 1 1-0 .118 
i 
- - i -
- 0 , 1 0 4 i - n , C 9 9 
_ i 
- 0 , 0 9 6 -0 .061 - 0 , 0 7 5 
f • • • - i li 
- 0 . 0 8 6 1 0 .260 i - 0 . 1 9 2 ! 





i ! ! ! 





0 ,154 : 0 ,087 
1 




1 0 .093 
: - 1 
0 ,074 1-0,146 1 0 . 189 i 
! - : 
- ! ~ ' 0.054 ' 
c 
1,000 0 ,874 
0 , 0 0 0 : 0 .001 
0 . 7 7 1 • 0 .730 j 0 .712 
0 .001 1 0 , 0 0 1 i 0 .001 
0 .567 
0 . 0 0 1 
i 0 .566 1 0 ,557 ' - 0 , 4 2 2 ; 0 .802 1 
i l l ' 
: ' •' 





1 0 , 0 0 0 
0 , 982 
0 . 0 0 1 
: 0 , 065 





0 . 7 2 1 ! 0 .719 j - 0 . 1 7 8 0 .454 
I I I ! 
0 , 0 0 1 i 0 .001 i 0 ,060 ' 0 , 00> j 
i 
• ! • 
1 
1.000 
0 , 0 0 0 
0 ,097 




0 . 0 0 1 
0 ,744 j 0 ,745 j - 0 , 0 C 2 ! 0 ,307 j 
i ' i i 




! 0 . 0 0 0 
O.Q09 
0 .001 
0 . 729 
0.001 
0 . 7 5 0 j 0 .752 ! - 0 , 0 6 7 | 0 ,261 j 
0 , 0 0 1 : 0 , 0 0 1 : ~ ; 0 .007 ! 
in 
V i 
C 1 1.000 
0 . 000 i 
0 .731 
0 . 0 0 1 
0 . 7 5 3 : 0 . 756 1-0.059 i 0 .246 , 
0 ,001 : 0 .001 : . 1 0 . 011 i 
< i 1 
1 
1 i 1.000 
i 1 
1 1 
i 1 0 ,000 
0 , 0 9 0 1 0 .972 , - 0 . 1 0 2 j 0 . 2 5 9 1 










1.000 1 0 .095 i - 0 . 0 8 6 
t i 
• i 
9 .0001 0 ,001 i 







1 0 ,000 






















0 . 000 
4 2 0 
CB + AGB ( 5 / 4 ) 2 I = 46 
r 
a l e . 
r 
a l e . 
r 
. a l e . 
r 
a l e . 
r 
a l e . 
r 
a l e . 
r 
a l e . 
r r 
a i r , a i r . 
r 
BifC, 
Dfl i;f2 . '>f5 I>f4 i ; f5 A1 A2 A5 1 Df ln 
E 







- 0 .261 
0.081 
- 0 . 2 7 ? 
0.068 
- 0 . 2 6 6 
0 .074 
- 0 . 2 5 9 
0,085 
- 0 . 2 5 5 
0,088 
- 0 . 5 0 
0 .058 
- 0 , 2 9 2 
1 0 .048 
-0 .276 ; 0 .147 
1 
0 . 0 6 4 j 





 - 0 , 1 5 5 - 0 , 1 5 5 - 0 . 1 5 0 - 0 . 1 2 8 
_ 1 
- 0 . 1 2 6 - 0 . 0 1 0 j - 0 , 0 2 1 - 0 . 0 5 5 1 0.115 
i 
- i 









0 ,140 0.175 0 .190 j 0 .179 n,201 0 .126 1 0 . 112 
1 
1 
0 . 0 0 0 j - 0 , 1 0 8 j 0 ,122 j 
1 1 i 
1 i 
5 1 0 ,070 
SI 
SI -
0 . 110 0.155 j 0 ,145 
i 
0,151 -0 . 021 | - 0 . 0 1 7 
j 
-0 ,014 1 0 . 0 1 5 ; 0 .022 '• 
I 1 i 
| : 0 ,070 j 0 , 110 I 0 .155 1 0 ,145 
• : 
c - ; - 1 - 1 _ 
0 .151 ^0 , 021 L 0 . O I 7 - 0 , 0 1 4 1 0 .015 I 0 .022 1 
1 .000 i 0 .965 1 O.QO4 1 0 ,862 
0 , 0 0 0 : 0 ,001 i 0,^^01 ; 0 , 001 
0.859 
O . O O l 
- 0 , 0 4 6 : - 0 . 0 6 2 
j 
- 0 . 0 7 8 ; - 0 . 8 1 6 ' 0 . 9 4 7 • 
- : 0 .001 0 .001 ; 
5^ j 1.000 i 0 ,985 \ 0 ,966 
*<: ' i 1 
; 0.000 • 0 , 001 1 0 , 0 0 1 
0 ,955 
0 .001 
0 . 068 i 0 , 048 0 ,028 i - 0 , 6 4 2 , 0 ,828 
! i 







0 . Q O 6 
0 , 0 0 1 
O.OQO 
0 .001 
0 .128 0 .106 0 .085 1 - 0 , 5 1 6 i 0 .724 
i ! 
- i 0 , 0011 0 .001 
: ! 
• i 
1 1.000 j 0 . 9 0 9 
0,000, f 0 . 0 0 1 
0 , 1 5 4 0 . 1 3 2 0,108 , - 0 . 4 4 7 : 0 .662 : 
! i 1 
; 1 ; 
- ': 0 ,002 : 0 .001 ' 
- .1 ! 
1.000 j 0 .166 i 0 . 145 
0 .000 I - j 
0 .118 - 0 , 4 1 2 : 0 ,650 
- : 0.004 ' 0 ,001 ; 
: 1 
: I • 
^ i i 
! j 1.000 j 0 . 996 
I • i 
1 i 
I 0 . 0 0 0 1 0 . 001 1 
0 .984 • 0 .528 
0 .001 : 0,026 
; -0 .197 ; 
i — i 
5 i 1 
1 
I i 1.000 0 .996 j 0 .335 
1 • ! i • 












1 1,000 1 0 .559 
0 ,000 ! 0 .022 







i 0 .000 
-0 .957 
0 ,001 
V i i 
1.000 
0 , 0 0 0 
A p p e n d i x C , 2 
4 2 2 
SWF + ASITT. (3 . /4) 207 
1 p 
; B i r . 
r • 1 r 
a i r . 1 B l p . 
! r 
s i r . 
p 
a l p . 
p 
a l p . 
r 
s i r . 
; h a b l t u c r u i a cruianow exlnbath d a y s u l a • « e (=A1) 
- 1 - 0 . 1 9 3 
•1 
= 1 0.006. 




c s i - 0 . 7 0 1 i 0,00^ 








<J i - 0 , 1 8 0 
A ' ' ' 
! 0 ,007 








1 ' - 0 . 1 7 3 
" i 0.014 
i ! 
- 0 . 0 2 0 : , 
i 
0 . 2 3 0 O . O P O 
0.001 i 
«£: i - 0 . 0 6 4 -0 .06O j 0.124 ! 0.0f=5 
0.076 I • 
V f - 0 . 1 0 4 
s: 
- 0 . 0 1 8 i 
i 
0.186 i 0,090 
4 . 
C.006 i 
: - 0 . 1 7 3 
_ l j o.oep 
= •; - '^ . lOO 
^ j 
- 0 . 0 4 5 











c ; _ r ! . r > / f . 1 : - 0 , 0 4 3 1 0.112 0.053 
f : 1 . 000 
i c . o n o 
0 .218 
+ 








£ ' j 1 .000 
I ! 
c . 0 . 0 0 0 
- 0 . 0 3 0 -0 .105 
. c . : 
\ 
H • c 
1 
B • 
• > . '• 
C • 
1.000 
c . o o c 
- 0 . 0 ? ; 
1 




O - O O i " 
T a b l e C . 2 , Zero -order c o r r e l a t i o n s anfl a i g n l f l c a n c e 
c o e f f i c i e n t a : p igmentat ion, behaTioural (pplmary) 
T s r l a b l e e ana age . S i g n i f i c a n c e l e T e l : 0 , 0 5 . 
V a l e s and females s e p a r a t e . 
4 2 3 
S?A * AST A ( 5 / 4 ) 78 
T 
B l r . 
p 
a l e . 
r 
a l e . 
r 
a l e . 
r 
a l g . 
r 
e i p . 
r 
a l p . 
b a b l t u c r u i a crulanow ex lnbath dayaula • « e (=:Al) 
c 
- 0 , 2 2 5 
0 .048 











- 0 . 2 2 2 
0 . 0 5 0 




- 0 . 5 1 8 
0 ,004 
- 0 . 0 ? f - 0 ,063 0 .?92 
0 .010 . 
0 .22? 
0.044 
e - 0 . 2 5 " 
0 . 0 2 ? 






- 0 , 1 1 5 - 0 . 0 4 ? 0.027 0.095 o ,?oe 
0.066 
e 
- 0 . 1 0 7 0 . 0 0 5 0.086 
0.060 
0 .055 











- n , 2 1 5 
0.060 
- n , ? 4 ? 
0,034 
0 .007 




0 . 1 ? 6 
-
0 , ? 0 ? 
0 ,076 
- 0 , 1 8 5 
1.000 
0 , 0 0 0 
0 .117 0 . 0 4 / 0 , 1 ? 6 0 .504 
0^007 
0 .149 0.06'=: 
-oTo^o 
- 0 , 4 6 0 
0 ,001 
- 0 . ? 0 3 
C.076 









- 0 . 0 2 7 - e . 0 5 4 
1 c 
• > . 
I.OOC 
0.000 






4 2 4 
OB 4 Ai"? ( 3 / 4 ^ = 31 
r 
9 I f . 
f i 
s i r . 1 a i r . 
r 
s i r . 
r 
s i r . 
r 
s i c . 
r 
3ig. 
hab i tu c r - i i a c r a i a r o w e i i r b a t h days.: l a age (=Al ) 
a 
- 0 . 0 1 0 0 .171 . j 
- i 









0..026 i 0 .145 
— 1 — 
-0.257 -0.122 
0 .022 i 0.141 
1 
I 
- 0 . 1 8 8 - 0 . 2 5 0 
-0 . 011 ; 0 . 1 7 ^ 
i 
i 
- 0 . 0 7 P . - 0 .222 




0 . 1 5 1 '•• 0.211 ' - 0 , 7 4 5 
c 
c 





- 0 . 3 3 6 
0.064 
- 0 . 0 5 4 
^ . . . T . . 




c 0 . 173 1 0.242 1 
i • ! 
i - j 
- 0 . 4 0 9 
0.022 




1.000 I 0 .108 1 
+ 1 
0.000 ! - 1 






i 1 .000 I I 
i ^ • i 
i 0.000 j 1 






























4 2 5 
9 3 = 319 
1 p 
R l r . 
1 r 
s i r . 
r • r 
a i f . s i r . 
r 
s l g . 
r 
s i r . s i r * 




- 0 . 0 O 8 ' - 0 . 0 5 0 0 .100 0.404 
4. 
0 .G48 
~ ' o.oeo 0 . 0 5 4 .. 0 .001 - i 
ev ! - 0 . 1 2 7 - 0 . 0 6 7 O.OQO 0 .379 0.081 
" ! 4 
3 • 0 .024 - - 0.001 -
- 0 . 1 3 7 - 0 , 0 9 6 0 .074 0 . 367 0.000 
1 
' ! ; 4 3 1 0 . 0 1 5 0,075 • 0 . 001 - ! 
« i - 0 . 1 3 8 - 0 . 0 4 8 0 . 001 0 .321 0.094 i 
•S i 
4 
3 1 0 . 0 1 4 - - 0 . 001 0.004 
^ 1 
^ ' 
- 0 . 1 2 0 - 0 . 0 2 9 0 ,025 0 . 272 0.057 
0 . 0 3 2 _ _ 0 . 0 0 1 
4 
• i 
- 0 . 0 8 4 - 0 . 0 6 4 0 .066 0 .297 0 .060 
< 
_ 0 .001 
4 
_ 1 
- 0 . 1 1 4 . - 0 . 0 3 0 0 .020 0 .259 
4 
0.122 
_ ! i 0 . 042 - - • 0 . 0 0 1 0 ,032 
a: ! s : 
3 1 
- 0 , 1 2 6 . - 0 . 0 7 0 0.068 0 . 322 
4 
0 ,248 
1 0,024 - - 0 . 001 0 ,001 
| i - 0 . 0 8 4 0 .028 0 .106 
0.058 
0 .325 










0 . 0 0 0 0 .074 - - -














0 . 0 7 0 - 0 . 0 0 0 . 
1 
1 
( . : 
a • 










1 1 . 1 . 0 0 0 0,203 
a 1 
>.t i + 
•o ! ! ! ..0,..ooo — • 0 .001 
t 1 1 
_ . j 1,000 
• i 1 •f 
• 1 1 0 .000 
4 2 6 
S r A + ASFA ( 5 / 4 ) 9 5 = 78 
T 
H i e . 
1 p 
a l e . 
r 
n l e . 
r 
a l e . 
r 
a i g . 
r 
a l e . 
r 
s l e . 
• 
h a b l t u c r u i a C P U l a now a z l c b a t h d a v a u l a 
a g e ( . A l ) ; 
- 0 . 0 8 4 ' 0,042 0 . 2 2 1 





- 0 . 1 0 4 . 0,140 0 , 2 4 2 
0 .054 
-0 ,044 - 0 , 0 5 7 
B 1 
- 4 ; 







0,000 0,075 0 . 2 4 0 
0.028 




- 0 . 0 5 0 0 ,060 0.255 
0 ,05 '5 
0,059 : 0 ,009 
« 
—• ; 
- 0 , 0 9 5 : 0 , 1 0 0 
0.082 




- 0 , 1 4 9 0.194 
0,088 
0 .178 i 




- 0 . 0 2 7 . 0 . 0 4 3 " "bVl 58" ~ 0,048 0.066 
1 
c - • 
1 ' 













0 ,081 - 0 . 4 7 5 
0 .001 
- 0 , 4 6 2 
1 + ! 
: 0 , 0 0 1 
1.000 
0 ,000 
0 . 0 7 2 - 0 . 0 7 0 ; - ( 1 , 0 8 2 
» ' 
1 . b ' a ; 
1 . 0 0 0 
0 . 0 0 0 
- 0 . 0 4 6 ; - 0 , 0 7 5 
, 1 
£ 





': i • • 












- 1 r 
a 1 
• - - 1 
i 
1 1 .000 
i + 
! 0 .000 
4 2 7 
GB • AGP ' 5 / 4 ) 5 5 = 45 
1 p 
: a l e . 
p 
a l e . 
r 
s i e . 
p 
a l g . 
' r 
a l e . 
r ^ 
s l e . 
1 
: h a b l t u C P U l a cru ianow e z l n c a t h • dayauia 






- 0 . 2 5 6 
-













- 0 , 1 5 0 0.085 - 0 . 0 5 6 n . l 5 5 - 0 , 0 9 8 1 
« 
—( a 













- 0 . 231 
_ 
0 .066 - 0 , 1 9 6 0,198 0.109 
- 0 . 1 6 5 0,008 . - 0 . 1 6 6 0.186 - 0 , 0 1 6 
° i 1.000 
•rt + 
£ 1 
« 1 0 ,000 













, 0 .000 






1.000 - 0 . 0 6 7 • 0,276 
b 





























SFE + KSWS 2 n 
r 1 r 
a i r . 
r 
S l P . 
r 
s i r . 
r r 
s i f t . 
r 
a i ^ . 
h a b l t f e r f h c r f h n o w e x l n b a t h n e w h a t d a y a f h a g e ( = A 1 ) 
XI 
- 0 . 0 1 7 0 . G J 7 O . 'Oe - 0 . 2 2 9 
0 . 0 0 1 
0 . 0 9 5 - 0 , 4 2 0 
+ 
0 . 0 0 1 
- 0 , 0 3 9 - 0 . 0 1 1 0 . 0 5 ' ' - 0 . 2 3 9 
0 . 0 0 1 
0 . 1 0 6 - 0 . 4 0 3 
+ 
0 . 0 0 1 
£ 
- 0 . 0 4 8 0 . 0 2 3 0 . 0 4 7 - 0 . 1 5 5 
0 . 0 2 2 
0 . 1 P 3 
0 . 0 0 5 
- 0 . 3 0 1 
+ 
0 . 0 0 1 
£ 
V-
0 . 0 7 ? 0 . 0 7 2 - 0 . 2 0 5 
0 , 0 0 3 
0 . 1 3 2 
0 . 0 5 6 
- 0 . 4 1 7 
0 . 0 0 1 
If-
£ 
- 0 . 0 4 9 0 . 0 0 7 0 , 0 4 4 - 0 , 2 4 6 
+ 
0 , 0 0 1 
0 . 1 3 0 
0 . 0 8 2 
- 0 ; 4 6 1 
0 . 0 0 1 ' • 
£ 
- 0 . 0 4 7 0 , 0 2 1 O i 1 1 4 
0 . 0 9 8 
-0,240 
0 . 0 9 i 
0 . 0 6 9 - 0 . 4 2 8 
+ 
0 . 0 0 1 
O.OOQ 0 . 0 0 4 0 . 0 2 1 - 0 . 1 8 1 
0 . 0 0 8 
0 . 1 0 1 - 0 . 3 4 8 
+ 
0 . 0 0 1 
£ 
- 0 . 0 4 0 0 , 0 1 7 0 . 0 2 2 - 0 . 1 1 7 
0 . 0 0 3 
0 . 1 6 6 
0 . 0 1 6 
- 0 . 3 2 9 
0 . 0 0 1 
C 
£ 
- & . 0 2 4 0 . 0 6 5 0 . 0 5 2 - 0 . 1 1 0 0 . 1 4 6 
0 , 0 3 4 






1 . 0 0 0 
+ 
0 . 0 0 0 
0 . 2 6 6 
0 , 0 0 1 
0 . 0 4 ^ 0 . 0 8 9 - 0 . 1 9 8 
0 , 0 0 4 




1 . 0 0 0 
0 . 0 0 0 
- 0 . 0 2 8 -e-. ioi - 0 . 1 1 4 
0 . 0 0 9 







1 . 0 0 0 
+ 
0 , 0 0 0 











1 . 0 0 0 
n.ooo 
- 0 . 0 3 9 0 . 3 5 0 






1 . 0 0 0 
• 
0 . 0 0 0 




1 , 0 0 0 
• 
0 , 0 0 0 
429 
STA • ASrA ( 3 / 4 ) 104 
r 
s i r . 
I r 
s l e . 
r 
s i c . 
p 
s i f t . 
r 




s i e , . 
h a b i t f c r f h c r f h n o w e z l n b a t h n e w h a t d a y s f h a # e ( = A 1 ) 
a 
w 
- 0 . 1 0 4 0 . 0 2 0 - 0 . 0 8 8 - 0 . 2 9 2 
• 
0 . 0 0 3 
0 . 2 1 8 
0 . 0 2 6 
- 0 . 0 2 3 
£ 
- 0 , 1 5 0 0 . 0 0 4 - 0 . 1 6 6 
0 . 0 9 2 
- 0 . 1 9 7 
0 . 0 4 6 
0 . 1 5 8 - 0 , 1 8 8 
0 , 0 5 6 
- 0 . ^ 1 7 5 0 . 0 2 1 - 0 . 0 5 3 - 0 . 1 7 9 
0 . 0 7 0 
0 , 1 1 8 - 0 , 1 6 3 
V* 
- 0 . 0 2 6 - 0 , 0 4 7 - 0 . 0 2 3 - 0 . 2 8 9 
+ 
0 . 0 0 2 
0 . 1 5 3 - 0 . 2 1 0 
0 . 0 3 2 
w 
JZ 
- C . 0 4 2 0 . 0 5 5 0 - 0 8 3 - 0 , 1 9 0 
0 , 0 5 4 
0 , 0 1 0 - 0 , 2 4 ? 
0 , 0 1 3 • 
0 . 0 5 7 0 . 1 3 4 0 , 1 6 " - 0 . 2 5 6 
+ 
0 . 0 0 8 
0 . 0 9 3 - 0 , 2 4 6 
0 , 0 1 2 
Z 
- 0 , 0 7 7 0 . 0 6 6 0 . 0 3 1 - 0 . 2 3 9 
0 , 0 1 4 
0 . 1 7 6 
0 . 0 7 4 
- 0 , 0 7 0 
s. 
- 0 . 1 8 4 
0 . 0 6 2 
0 . 0 3 5 - 0 - 0 8 0 - 0 , 0 6 7 0 . 1 6 6 
0 . 0 9 2 
0 , 0 3 5 
. c 
- n . r ) 7 7 - 0 . 0 1 4 - r > . 1 0 8 - 0 , 0 9 3 0 . 1 6 4 
0 . 0 9 6 





' . 0 0 0 
+ 
O . n o o 
0 . 1 4 3 0 . 1 2 0 . 0 . 0 6 4 - 0 . 4 4 0 
+• 
0 . 0 0 1 
- 0 , 2 6 1 
0 , 0 0 9 
«^  (• 
C 
I . O f l O 
+ 
0 . 0 0 0 






0 . 0 0 0 
- 0 . 2 5 4 
+ 
0 . 0 0 9 . 
0 . 0 2 4 - 0 . 0 5 5 









1 . 0 0 0 
+• 
0 . 0 0 0 





1 . 0 0 0 
+ 
0 . 0 0 0 
0 . 3 6 0 
• 




1 . 0 0 0 
• 
0 , 0 0 0 
430 
CB + AGB ( 3 / 4 ) <t 5 = 32 
r 
s i e . 
r 
s i c . 
r 
a l e . 
r 
s i e . 
r 
s i c . 
r 
a l e . 
r 
s i g . 
h a b i t f c r f h c r f h n o w e z i n b a t h c e w h a t d a . T s f h a e e ( = A l ) 
a 
V. 
- 0 . 2 9 1 - 0 , 2 4 3 0 . 1 5 4 - 0 . 2 0 O 0 . 0 5 3 - 0 , 3 4 6 
0 . 0 5 2 
c\ 
^ 
- 0 . 5 3 ' 3 
+ 
0 . 0 0 1 4 
0 . 0 0 7 0 , 0 2 1 - 0 . 1 5 7 0 . 1 2 3 - 0 . 0 0 4 
s. 
- 0 . 3 0 4 
0 , 0 9 0 
- n . 0 5 4 0 . 0 5 4 - 0 . 0 8 2 0 , 0 8 4 - 0 . 2 7 4 
- 0 , 4 7 2 
+ 
0 . 0 0 6 
0 , 0 2 3 - 0 . 0 2 2 - 0 . 0 4 3 0 . 2 3 3 - 0 . 2 8 3 
It 
X 
- 0 . 2 1 7 - 0 , 1 2 2 - 0 . 0 9 5 - 0 . 2 4 3 0 . 1 8 1 - 0 , 4 2 1 
0 , 0 1 6 • 
- 0 . 1 7 2 - 0 . 0 9 4 0 . 1 6 4 - 0 , 1 0 3 0 . 1 5 9 - 0 , 2 8 6 
- 0 . 2 4 6 - 0 , 1 4 1 - 0 , 1 1 6 - 0 . 0 9 3 0 . 1 2 4 - 0 . 0 4 4 
c 
£ 
- 0 , 3 3 ° 
0 , 0 5 8 




- 0 . 1 3 3 0 . 0 7 7 0 , 0 0 7 0 , 1 4 9 0 . 0 9 7 0 . 1 5 2 






0 . 0 0 0 
0 , 2 0 0 0 . 2 8 9 - 0 , 3 2 9 
0 . 0 6 6 




1 . 0 0 0 
0 . 0 0 0 







1 . 0 0 0 
4-
0 . 0 0 0 










t 1 . 0 0 0 . 
0 . 0 0 0 





1 . 0 0 0 
+ 
0 . 0 0 0 




1 . 0 0 0 
•f-
0 . 0 0 0 
431 
5 T ^ • AS'TB ( 3 / 4 ) 3 2 7 
r 
a l p . 
r 




a i r . 
r 
a i r . 
p 
s i r . 
p 
s i r . 
h a b l t f c r f h c r f h n o w e i l n h a t h n e w h a t d a y a f h aee ( = A 1 ) 
e 
- p . 0 6 5 • 0 , 0 1 3 - 0 . 1 6 9 
+ 
0 . 0 0 ? 
- 0 . 0 Q 7 
0 . 0 8 2 
0 . 1 9 0 
+ 
« 0 . 0 0 1 
- 0 . 3 4 4 
• 
« 0 . 0 0 1 
£ 
- 0 . 1 0 1 
0 . 0 7 1 
0 . 0 2 8 - 0 . 1 ^ 8 
0 . n C 2 
- 0 . 0 0 5 
0 . 0 9 0 
0 . 2 0 6 
+ 
< 0 . 0 0 1 
- 0 . 2 9 0 • 
• 
< 0 . 0 0 1 
£ 
- 0 . 0 7 0 - 0 . 0 0 8 - 0 , 2 0 6 
< 0 , C 0 1 
- 0 . 1 1 0 
0 . 0 4 7 
0 . 1 7 8 
+ 
0 . 0 0 1 
- 0 . 3 3 6 
+ 
< 0 . 0 0 1 
£ 
V. 
- 0 . 0 0 4 
0 . 0 9 0 
0 . 0 O 8 - 0 . 1 0 6 
< 0 . 0 0 1 
- 0 . 0 3 4 0 . 1 7 1 
+ 
0 . 0 0 2 
- 0 . 3 3 P 
+ 
< 0 . 0 0 1 
If 
£ 
- 0 . 0 5 1 0 . 0 3 0 - 0 . 17*i 
+ 
0 . 0 0 1 
- 0 , 0 8 4 0 . 1 1 3 
0 . 0 4 3 




- 0 . 0 4 0 0 . 0 7 6 - r ! . 1 l 6 
0 . 0 3 6 
- 0 , 0 5 2 0 . 1 4 0 
0 . 0 1 2 
- 0 . 3 2 6 
• 
< 0 . 0 0 1 
- 0 . 0 3 4 0 . 0 Q 1 - 0 . 1 2 6 
0 . 0 2 2 
- 0 . 0 0 ? 0 . 1 2 1 
0 . 0 3 0 
- 0 . 2 8 5 
< 0 . 0 0 1 
. £ 
Vt 
- 0 , 0 4 ' ' 0 . 0 2 7 - 0 . 0 7 7 0 . 0 3 6 0 . 1 4 1 
0 . 0 1 2 
- 0 . 2 2 0 
< 0 . 0 0 1 
£ 
- 0 . 0 0 9 n . o ? 0 . 0 . 1 1 3 
0 . 0 4 3 
0 . 0 2 8 0 . 0 6 8 - 0 . 2 5 4 
• 
< 0 . 0 0 1 
£ 
< 
1 . 0 0 0 
+ 
0 , 0 0 0 
0 . 1 4 4 
+ 
0 . 0 0 9 
0 . 0 2 9 0 . 0 7 8 -0.110^ 
0 . 0 4 7 




1 . 0 0 0 
o.boo 
0 . 1 7 9 
• 
0 . 0 0 1 






1 . 0 0 0 
0 . 0 0 0 
0 . 1 6 2 
+ 
0 . 0 0 3 
0 . 0 1 6 0 . 2 8 0 
• 










 1 . 0 0 0 
+ 
0 . 0 0 0 
0 . 0 2 6 0 . 2 3 7 
+-




1 . 0 0 0 
+ 
0 . 0 0 0 
0 . 2 4 5 
< 0 . 0 0 1 
c 
« 
1 . 0 0 0 
0 . 0 0 0 
432 
SFA + AS-A ( 3 / 4 ) H = 105 
i r 
s i c . 1 s i e . 
r 
s i c . 
r 
s i e . 
r 
s i c . 
r 
s i c . 
r 
s i e . 
h a b i t f c r f h c r f h n o w e x l n t a t h c e w h a t d a y s f h a c e ( = A 1 ) 
- 0 . 0 4 3 0 , 0 7 7 0 . 0 7 7 0 , 0 5 0 0 . 1 9 1 
0 . 0 5 2 
0 . 0 1 1 
ev 
£ 
- 0 . 0 6 6 0 . 1 1 6 0 . 0 1 3 0 , 0 2 0 0 . 1 4 7 - 0 . 0 0 6 
1^ 
£ 
- 0 , 0 2 1 0 . 0 9 2 0 . 0 5 3 0 , 0 0 4 0 . 1 2 6 - 0 . 0 1 8 
£ 
- 0 , 0 1 6 0 , 1 3 7 0 , 0 1 9 0 . 0 4 0 0 . 1 6 7 
0 . 0 0 0 




0 . 0 5 7 0 , 1 3 5 0 . 0 4 6 - 0 . 1 4 5 0 . 0 6 6 - 0 . 0 6 7 
£ 
0 . 0 0 6 0 . 1 3 8 0 . 0 7 2 - 0 , 2 2 8 
0 , 0 1 9 
0 - 0 0 4 - 0 . 1 3 3 
- 0 . 0 7 2 0 . 1 5 B 0 . 0 4 3 - 0 . 1 7 1 
0 . 0 8 2 
0 , 1 1 8 - 0 . 0 7 5 
£ 
- 0 . 0 0 0 0 . 1 4 4 0 . 0 1 9 0 , 0 1 1 0 , 0 7 7 - 0 . 0 8 3 
e 
£ 





1 . 0 0 0 
+ 
0 . 0 0 0 
0 . 1 0 6 
0 . 0 4 5 
0 . 1 6 7 
0 . 0 9 0 
- 0 , 0 0 3 - 0 . 4 3 9 
* 
0 . 0 0 1 
- 0 . 4 4 7 




 1 . 0 0 0 
+ 
0 , 0 0 0 
" . 3 2 4 
• + 
0 . 0 0 1 
0 , 0 0 6 - 0 . 2 0 4 
0 . 0 3 7 






, 0 0 0 
0 . 0 0 0 









t 1 . 0 0 0 
0 . 0 0 0 





- 1 . 0 0 0 
0 . 0 0 0 
0 . 5 6 7 
+• 
0 . 0 0 1 
• 
a 
1 . 0 0 0 
• • 
0 . 0 0 0 
433 
OP + AGP f 3 / 4 ) 9 = 4 6 
p 
s i r . 
r 
s i r . 
p 
s i r . 
r 
s i r . 
p 
s i r . 
p 
s i r . 
p 
a i f t . 
h a b i t f c r f h e r f h n o w e i i n b a t h n e w h a t d a y s f h a^te ( . A 1 ) 
Vi 
- 0 . 1 6 0 ' - 0 . 0 7 2 - 0 . 0 5 6 - 0 . 0 8 5 0 . 1 7 0 - 0 . 2 8 0 
0 . 0 6 0 
£ 
- 0 . 0 5 1 - 0 . 1 1 7 - 0 . 1 8 0 - 0 . 1 3 5 0 . 0 O 8 - 0 . 1 8 1 
£ 
- 0 . 0 5 ? - 0 . 0 4 6 - 0 . 1 4 5 - 0 . 0 7 3 - 0 . 1 8 7 - 0 . 2 8 8 
0 . 0 5 2 
£ 
V I 
0 . 1 0 5 0 . 0 3 5 - 0 . 0 6 8 - 0 . 0 6 3 - 0 . 0 5 2 - 0 . 2 5 7 
0 . 0 8 6 
£ 
- 0 . 0 - ^ 1 0 . 0 1 4 - 0 . 0 6 9 - 0 . 0 4 4 - 0 . 0 5 6 - 0 . 2 5 0 
0 . 0 9 4 
£ 
• 0 . 0 9 4 0 . 0 5 9 - 0 . 0 4 0 - 0 . 0 2 0 - 0 . 0 3 8 - 0 . 2 9 6 
0 . 0 4 5 
r-
c 
- 0 . 0 7 2 0 . 0 S 7 0 . 1 7 5 0 . 0 3 4 0 . 1 7 5 - 0 . 3 1 6 
0 . 0 3 2 
£ 
- 1 . 0 2 2 0 . 0 1 8 0 . 3 1 2 
2, i j 
0 . 0 3 4 
- 0 . 0 1 9 0 . 2 7 0 
0 . 0 7 0 




0 . 0 0 9 - 0 . 0 3 7 0 . 1 2 9 0 . 0 8 7 0 . 2 7 3 
0 . 0 6 8 
- 0 . 3 7 4 
+ 
0 . 0 1 0 
V. 
£ 
1 . 0 0 0 
+ 
0 . 0 0 0 
0 . 2 0 7 
0 . 0 4 6 
0 . 0 1 8 0 . 0 7 3 - 0 . 2 6 1 
0 . 0 7 6 
- 0 . 3 0 6 




1 . 0 0 0 
+ 
0 . 0 0 0 







- . 0 0 0 
* 
0 . 0 0 0 










t 1 . 0 0 0 
+ 
0 . 0 0 0 
0 . 0 7 0 - 0 . 0 2 1 
a 
c 
1 . 0 0 0 
+ 
0 . 0 0 0 
- 0 . 0 4 6 
t : 
a 
1 . 0 0 0 
+ • 
0 . 0 0 0 
A p p e n d i x C , 3 , 
435 
SW3 • KSWS ( 3 / 4 ) 
p p 
8 l C . 
r 
s i c . 
r 
s i c . 
r 
s i c . 
•.T 
S i e . 
r 
s i r . 
p 
s i e . 
r 
s i e . 
I « 2 0 7 
~ r 
a i e . 
u l a l u l a 2 u i a 3 i ' . l a 4 u i a 5 ' i i a 6 ! ' . i i a 7 u i a B u i a 9 
1 . 0 0 0 
O.QOO 
0 , 8 0 6 j 0 . 7 9 3 1 0 . 7 3 0 j 0 , 6 9 5 j 0 . 6 5 4 j 0 . 6 3 6 . 0 . 5 3 3 j 0 . 5 1 9 
0 . 0 0 1 0 , 0 0 1 [ 0 . 0 0 1 i 0 . 0 0 1 0 . 0 0 1 i 0 , 0 0 1 " 0 . 0 0 1 I 0 . 0 0 1 
2 
3: 
j 1 . 0 0 0 I O.B5rt 0 . 7 8 8 j . 0 , 7 3 3 ' 0 . 6 6 3 : 0 . 7 2 6 
I 0 . 0 0 0 ! 0 . 0 0 1 • 0 . 0 0 1 ' 0 . 0 0 1 0 . 0 0 1 O.OQI 
0 . 5 5 9 : 0 . 5 9 9 
0 . 0 0 1 
1 . 0 0 0 I 0 . 7 8 3 : 0 . 7 6 1 0 . 6 8 4 1 0 . 7 2 9 0 . 5 4 7 , 0 . 5 7 5 
I '• i I 
0 , 0 0 0 '• 0 , 0 0 1 ' 0 , 0 0 1 0 . 0 0 1 : 0 , 0 0 1 0 . 0 0 1 I 0 . O 0 1 
j 3 , 0 0 0 i 0 , 7 7 5 0 , 7 2 9 
i 0 . 0 0 0 0 , 0 0 1 0 . 0 0 1 
! 0 . 7 4 8 0 . 5 6 5 
i 
0 , 0 0 1 0 . 0 0 1 
n . 6 7 5 
0 . 0 0 1 
3 I 
! 1 , 0 0 0 • 0 , 7 5 2 
' 0 , 0 0 0 0 . 0 0 1 
• 0 . 7 5 2 
' 0 , 0 0 1 
. 0 . 5 7 1 
0 . 0 0 1 
0 . 6 0 6 
0 . O 0 1 
1 , 0 0 0 
0 , 0 0 0 
0 . 7 6 2 
0 . 0 0 1 
0 , 5 5 1 
0 , 0 0 1 
0 , 5 6 9 
0 , 0 0 1 
: 1 . 0 0 0 
: 0 , 0 0 0 
0 . 6 4 2 
0 , 0 0 1 
0 , 7 0 7 
0 . 0 0 1 
1 . 0 0 0 
0 . 0 0 0 
0 . 7 3 2 
0 , 0 0 1 
1 . 0 0 0 
0 , 0 0 0 
. 3 1 0 . 3 2 4 i 0 . 2 1 2 i 0 . 2 3 3 1 0 . 2 3 0 0 . 1 2 4 0 , 1 8 8 ; 0 . 1 9 4 0 . 1 4 8 0 , 1 1 2 
: o . o o f '' 0 . 0 0 2 ; 0 . 0 0 1 1 0 , 0 0 1 0 . 0 7 6 • 0 . 0 0 6 0 , 0 0 5 0 , 0 3 4 1 
cv i 0 . 1 9 3 1 0 . 1 0 9 ; 0 . 1 2 5 i 0 , 1 6 5 0 . 0 3 3 0 . 1 1 6 • 0 , 1 2 6 0 , 1 0 9 0 , 0 5 2 
£ 0 . 0 0 6 ' 0 . 0 7 6 • O.o ' lS 0 , 0 9 6 0 , 0 7 0 _ _ 
R 
, 0 . 1 3 0 : 0 . 0 7 1 1 0 , 0 7 6 i 0 . 1 2 5 - 0 . 0 1 8 0 . 0 8 3 0 . 0 8 8 0 , 0 8 1 ; 0 . 0 1 2 
• 0 . 0 6 2 • 0 . 0 7 6 _ 
. 0 . 1 0 5 , 0 . 0 6 1 j 0 , 0 6 0 
i 
; 0 . 1 0 5 
1 





0 . 0 9 3 0 . 0 5 6 ; 0 , 0 5 3 0 . 0 9 1 - 0 , 0 6 ? 0 . 0 6 4 : 0 , 0 5 6 0 , 0 4 9 - 0 . 0 3 4 
, 0 . 0 8 5 0 . 0 9 4 . 0 , 1 4 8 1 0 . 0 9 9 0 , 0 8 5 0 . 0 9 0 i 0 . 1 0 8 0 , 0 9 0 0 . 0 5 3 
< • - 0 , 0 3 3 _ _- — - -
' 6 . 0 6 6 " 0 . 0 9 6 0 . 1 4 2 0 . 1 0 3 0 , 0 8 9 0 . 0 7 6 ; 0 , 1 0 5 0 . 0 9 1 0 . 0 5 7 
« _ - 0 . 0 4 1 ! _ 
i j 0 . 0 4 3 ^ 0 . 0 8 9 0 . 1 3 1 0 , 0 9 7 0 , 0 8 4 0 . 0 5 9 ; 0 , 0 9 8 1 
0 , 0 8 3 . 0 . 0 5 4 
- - 0 . 0 6 2 _ 1 1 _ 
c - 0 . 3 8 9 - 0 . 3 4 2 - 0 . 3 2 6 - 0 , 2 6 2 - 0 . 2 1 6 - 0 , 2 6 6 1 - 0 . 2 6 7 - 0 . 1 8 5 - 0 . 1 6 8 
3 
Pi 0 , 0 0 1 0 . 0 0 1 0 . 0 0 1 0 , 0 0 1 0 . 0 0 2 0 . 0 0 1 I 0 , 0 0 1 0 . 0 0 8 0 . 0 1 5 
0 . 4 1 9 0 . 3 1 9 0 . 3 2 6 0 . 2 6 5 . 0 . 1 9 7 0 , 2 4 9 ; 0 . 2 4 6 0 . 1 6 9 0 . 1 5 4 
e 0 . 0 0 1 0 . 0 0 1 0 , 0 0 1 0 . 0 0 1 0 , 0 0 4 0 . 0 0 1 j 0 , 0 0 1 0 , 0 1 5 0 , 0 2 7 
T a b l e C . 3 . Z e r o - o r d e r c o r r e l a t i o n s a n d • I g n l f l c a n c e 
c o e f f i c l e n t a : p i g m e n t a t i o n , b e h a T i o u p a l r a r l a b l e s 
a n d a g e . S i g n i f i c a n c e l e r e l : 0 . 0 5 . K a l e s a n d f e m a l e s 
s e p a r a t e . 
436 
SPA + ASPA ( 3 / 4 ) 9 = 76 
1 P r r ! r 1 r 1 ' I T : r r p ? s i f f . s i r . s i r . s i r . s i r . • S i r . • a i r . a i r . s i r . a i r . 
i 
u i a l u i a 2 1 u i a 3 u l a 4 ; u i a 5 i T i a 6 ! « i a 7 u i a B u i a 9 
• 1 . 0 0 0 0 . 8 5 3 : 0 . 8 3 8 j 0 . 8 5 7 j 0 . 7 0 0 j 0 . 6 0 3 1 0 . 7 7 7 0 . 6 9 7 0 . 6 1 6 
0 . 0 0 0 0 , 0 0 1 0 . 0 0 1 ; 0 . 0 0 1 ! 0 . 0 0 1 0 . 0 0 1 1 O . P O l ' 0 . 0 0 1 0 . 0 0 1 
• 1 1 . 0 0 0 ! 1 0 . 9 1 5 f 0 . 8 9 7 j . 0 . 7 1 1 • 0 . 6 5 1 : . 0 . 8 3 8 0 . 7 4 5 , 0 : 6 4 6 
3 0 . 0 0 0 1 0 . 0 0 1 ' 0 . 0 0 1 ' 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 
a 
—t 
1 . 0 0 0 • 0 . 9 0 7 ; 0 . 7 3 9 0 . 7 0 9 ; 
] 
0 . 8 3 0 0 . 7 4 6 0 . 6 5 3 
3 




! 1 . 0 0 0 1 0 . 7 5 2 0 . 7 0 0 ! 
1 
0 . 8 3 5 0.69<5 : 0 . 6 4 7 
3 : 0 . 0 0 0 1 0 . 0 0 1 0 . 0 0 1 ! o.oor 0 . 0 0 1 i O. '^OI 
1 
I 1 I 1 . 0 0 0 ' 0 , 0 0 6 1 0 . 8 1 4 - 0 . 6 4 8 ! 0 . 5 0 3 
3 




i i 1 1 . 0 0 0 ; 
1 
0 . 7 8 7 0 . 6 7 ? 1 0 . 6 4 1 
3 
0 . 0 0 0 - 0 . 0 0 1 0 . 0 0 1 I 0 . 0 0 1 ' 
1 . 0 0 0 
0 . 0 0 0 
0 . 8 0 0 i 0 . 7 6 0 
i 
0 . 0 0 1 : 0 . 0 0 1 
a •• 
a : 
1 . 0 0 0 I 
0 . 0 0 0 
0 . 6 9 6 
0 . 0 0 1 
a 1 . 0 0 0 
0 . 0 0 0 
^ j - 0 . 2 6 0 I 0 . 2 4 0 i 0 . 2 9 2 I 0 . 1 Q 7 | 0 . 0 9 3 C l O l i . 0 . 1 4 0 0 . 1 2 8 ! O - l ^ ^ 
0 . 0 3 2 0 . 0 3 4 • 0 . 0 1 0 I 0 .CP.6 
' 0 ; 2 5 3 ! 0 . ' 2 6 [ 0 . 2 7 1 | 0 . 1 8 9 ; 0 . 0 8 4 0 . 0 8 9 
0 . 0 2 6 ! 0 . 0 4 6 
•D, 0 . 2 4 4 
0 . 1 3 2 0 . 4 0 4 0 . 0 9 7 
0 . 0 1 6 
0 . 2 1 2 : 0 . 2 5 5 ' 0 . 1 7 8 , 0 . 0 7 5 0 . 0 7 ^ . 0 . 1 2 4 0 . 0 8 7 I 0 . 0 7 1 
: 0.031 0 . 0 6 2 : 0 . 0 2 4 
• 0 . 2 3 7 
^ 0 . 0 3 7 
0.203 i 0 . 2 4 3 • 0 . 1 6 0 
0 . 0 7 6 0.033 * 
0 . 0 6 8 0 . 0 6 7 . 0 . 1 2 0 ' 0 . 0 7 7 j 0 . 0 5 0 
0 . 2 3 1 
0 . 0 4 3 
0 . 1 9 6 ' 0.235 
i 
0 . 0 8 6 0.030 
j 0 . 1 6 2 ; C . 0 6 4 . O . O 6 O : 0.11a: 0 . 0 7 1 j 0 . 0 3 6 
0 . 3 4 2 
0 . 0 0 2 
0 . 2 2 4 
0 . 0 4 8 
0 . 2 2 9 I 0 . 2 6 4 : O . ? 0 8 
- i ! 
0 . 0 4 4 •  0 . 0 1 9 0 . 0 6 8 
n . 1 8 3 I 
i 
0 . 1 6 2 0 . 2 0 2 
- • 0 . 0 7 6 
. , i O .3O6 i 0 . 2 0 3 : 0 . 2 1 5 ! 0 . 2 3 6 ; 0 . 1 7 8 0 . 1 6 3 : 0 . 1 3 4 : 0 . 1 8 4 
0 . 0 0 6 I 0 . 0 7 6 '• 0 . 0 6 0 0 . 0 3 6 ! - J ^ ! 
0 . 2 6 2 i 0 . 1 7 5 '. 0 . 1 9 2 • 0 . 2 0 0 0 . 1 3 9 ! 0 . 1 3 3 
0 . 0 2 0 0 . 0 9 2 i 0 . 0 8 0 
0 . 0 9 8 • 0 . 1 5 8 
0 . 3 0 4 
0 . 0 0 6 
0 . 2 8 3 
0 . 0 1 2 
-0.231 1 - 0 . 2 3 9 -0.305 
0 . 0 4 3 I 0 . 0 3 6 : 0 . 0 0 6 
- 0 . 1 6 7 - 0 . 0 8 2 ! 
0 . 2 5 2 
0 . 0 2 6 
0 . 2 5 6 I 0 . 2 4 8 I 0 . 3 0 8 
0 . 0 2 4 ! 0 . 0 2 8 0 . 0 0 6 
0 . 1 9 4 , n . 0 9 5 
0 . 0 8 8 I 
- 0 . 0 < ) 2 
0.105 
- 0 . 1 3 1 - 0 . 1 6 2 
0 . 1 4 4 I 0.152 
- 0 . 1 4 0 
0 . 1 4 6 
437 
GB + AGP ( V 4 ) H = 31 
p 
a i r . 
p J P : r I r i . p 1 r ! p } p 
a i r . s i r . : s i r . < s i r . a i r . ' a i r . s i r . | a i r . 
p 
a i r . 
u i a l u i a 2 j u i a 3 u i a 4 u i a 5 1 > i l a 6 ! u i a 7 u i a B 1 i i ia<> 
u
la
l I . O ^ O 
0 . 0 0 0 
0 . 3 6 2 ; 0 . 8 8 2 1 0 . 8 4 3 
1 
0 . 0 0 1 - i 0 . 0 0 1 : O . O O f 
0 . 6 8 2 j 0 . 7 1 3 j 0 . 3 6 0 . 0 . 4 5 5 | 0 . 6 3 4 
O . n o Y 0 . 0 0 1 - 1 0 . 0 4 6 0 . 0 1 0 ! 0 . 0 0 1 
a 
3 
i 1 . 0 0 0 1 0 .8«» ' t 0 . 6 0 0 i 0 . 6 O 1 . 0 . 7 3 4 : 0 . 4 3 2 ' 0 . 4 8 5 i 0 . 6 3 5 
1 1 T : i . 
j 0 . 0 0 0 ' O . O O f i O . O O f • 0 . 0 0 1 « 0 . 0 0 1 0 . 0 1 4 0 . 0 0 6 : 0 . 0 0 1 tr\ 
a 
9 
! j 1 . 0 0 0 ' 0 , 0 1 1 : 0 . 7 6 2 0 . 7 4 0 i 0 . 5 3 8 0 . 6 1 4 0 . 7 6 Q 
i • : i • • i i 
1 0 , 0 0 0 '• n . O O f : 0 . 0 0 1 0 . 0 0 1 ; 0 . 0 0 1 ' 0 . 0 0 1 ' 0 . 0 0 1 a 
3 
j ; 1 . 0 0 0 ! 0 . 8 0 4 0 . 7 2 9 i 0 . 5 3 0 0 . 5 8 1 : 0 . 6 8 4 
' ^ 1 i i 
. : t 0 . 0 0 0 1 r i . O O l O . O n i I 0 . 0 0 ? • 0 . 0 0 1 1 0 . 0 0 1 
i g l j j 1 1 1 . 0 0 0 : 0 . 6 Q 2 1 0 . 4 2 2 0 . 5 0 8 i 0 . 6 7 7 
•rl\ : ! \ \ j • i 
i 1 • 0 . 0 0 0 O.noi • 0 . 0 1 7 0 . 0 0 3 i 0 . 0 0 1 . 
1 : ! ' . 0 0 0 1 0 . 5 1 0 0 . 6 4 4 ! 0 . 7 6 5 
^ ! ; • i • 1 • 
• 0 . 0 0 3 0 . 0 0 1 ' 0 . 0 0 7 
a i 
0 . 0 0 0 0 . 0 1 0 : 0 . 0 0 1 
a : 
3 ! 
1 . 0 0 0 1 
0 . 0 0 0 
0 . 7 5 1 
0 . 0 0 1 
C" i 
a ' 1 . 0 0 0 
0 . 0 0 0 
- j - 0 . 0 4 5 1 - 0 . 2 5 7 . - 0 . 1 8 8 | O . 0 7 8 I - 0 . 1 9 9 - 0 . 2 4 5 ! - 0 . 3 3 6 
= _ ± J : 0.004 
- 0 . 4 1 2 
0 . 0 2 0 
- n . 4 0 9 
0 . 0 ? ? 
< v : - 0 . 0 3 5 1 - 0 . 2 2 6 ; - 0 . 1 9 2 I - 0 . 0 5 9 : - 0 . 1 6 3 - 0 . 1 9 0 - 0 , 2 7 4 
^ - ! - ' - ' _ i 
- 0 . 4 2 7 
0 . 0 1 6 ! 
- 0 . 4 0 3 
0 . 0 2 4 I 
- 0 . 0 2 7 - 0 . 1 9 6 I - 0 . 1 9 2 i - 0 . 0 4 2 : - 0 . 1 4 0 - 0 . 1 4 8 - 0 . 2 2 9 - 0 . 4 4 2 I - 0 . 3 9 9 
(5 - - ! - ! 
_ . - - ' - ' ' - 0 . 0 1 2 i 0 . 0 2 6 i 
- 0 . 0 1 9 . - 0 . 1 6 7 i - 0 . 1 8 8 • - 0 . 0 2 7 I - 0 . 1 ? 4 - 0 . 1 1 3 - 0 . 1 9 9 
1 
- 0 . 4 5 5 
0 . 0 1 0 
- 0 . 3 9 7 
0 . 0 2 6 
- 0 . 0 0 9 - 0 . 1 4 0 - 0 . 1 8 0 j - 0 . 0 1 2 ; - 0 . 1 1 4 . - 0 , 0 0 6 : - o . i a o 
i ; : . ' 
- 0 . 4 6 6 
0 . 0 0 8 
- 0 . 3 9 5 
0 . 0 2 8 
: I 
O . 2 8 0 - 0 . 1 2 2 . - 0 . 2 6 9 I - 0 . 2 2 2 ; - 0 . 2 7 6 - 0 . 0 8 8 1 - 0 . 0 5 4 • 0 . 0 0 5 
I i I : i ; 
- 0 . 1 9 7 
• - 0 . 2 7 7 : - 0 . 1 2 1 , - 0 . 2 6 5 ; - 0 . 2 2 4 ; - n , ? 7 8 - 0 . 0 9 4 - 0 . 0 4 6 - 0 . 0 1 5 
i . I : I • ; 
- 0 . 2 1 0 
0 . 2 7 3 r - 0 ; i 1 9 ~ - j ^ . 2 6 l 
I 
0 . 2 2 5 ; - 0 . 2 7 9 1 -0 .0Q8 i - 0 . 0 3 8 , - 0 . 0 3 5 
- I 
- 0 . 2 2 1 
' 1 . 0 9 0 ! 0 . 3 1 2 0 . 1 7 8 j 
0 . 0 8 8 : - I 
0 . 1 2 9 0 . 2 9 5 I 0 . 3 5 3 0 . 4 5 4 ; 0 . 3 7 3 
- 0 . 0 4 7 0 . 0 1 0 i 0 . 0 1 9 
n . 4 1 3 
0 . 0 2 0 
- 0 . 0 6 3 - 0 . 2 8 7 : - 0 . 1 8 2 - 0 . 1 0 2 , - 0 . 2 4 5 
i 
U -
- 0 . 3 0 7 
0 . 0 9 4 
- 0 . 4 0 3 
0 . 0 2 4 
- 0 . 3 9 3 
0 . 0 2 8 
- 0 . 4 1 4 
0 . 0 2 0 
438 
+ ASi ra ( 3 / 4 ) 5 = 3 1 9 
p 
» i g -
p 
s i c . 
r 
s i c . 
r 
s i c . 
r 
s i c . 
r 
s i c . T r s i r . r s i c . r s i e . r s i c . 
u i a l I u i a 2 uiB3 u l a 4 _ | u i a 5 . i : i a 6 ! i i i a 7 u l a S i i i a 9 
1 . 0 0 0 
0 . 0 0 0 
0 . 8 6 ? 
0 . 0 0 1 
0 . 8 4 4 I 0 . 7 9 1 
I 
0 . 0 0 1 '. 0 . 0 0 1 
0 , 7 2 1 i 0 . 6 7 9 j 
I 
O . o O l 0 . O 0 1 I -t-
0 . 6 2 3 
0 . 0 0 1 
0.598 
O . O Q I 
0 . 5 7 6 
0 ^ 0 0 1 . 
5 1 I 1 . 0 0 0 j 0.°0T I 0 , 8 5 1 
I 0 . 0 0 0 ! 0 . 0 0 1 : 0 . 0 0 1 
0 . 7 ° 2 : 0 . 7 7 7 ; 
0 , 0 0 ' 0 . 0 0 1 ' 
0 , 7 2 7 
0 , 0 0 1 
0 . 6 8 7 
0 . 0 0 1 
0 . 6 3 3 
0 . O 0 1 
1 . O 0 0 • 
' 0 . 0 0 0 '• 
0 , 8 7 4 
0 , 0 0 1 
0 , 7 3 8 
0 , 0 0 1 
0 , 7 8 1 
0 . 0 0 1 
0 . 7 3 6 
0 . 0 0 1 
0 , 7 0 3 
0 . 0 0 1 
0 , 6 4 3 
0 . 0 0 1 
1 , 0 0 0 
0 . 0 0 0 
0 . 6 3 2 
0 , 0 0 1 
0 , 7 9 4 ! 
0 , 0 0 1 i 
0 , 7 2 " ? 
0 , 0 0 1 
0 , 6 9 0 : 
0 , 0 0 1 I 
0 . 6 3 7 
0 . 0 0 1 
1 , 0 0 0 ; 
0 , 0 0 0 
339 1 
! 
0 0 1 : 
0 . 7 6 2 . 
0 , 0 0 1 
o , 694 
0 , 0 0 1 
0 . 6 3 3 
0 . 0 0 1 
1 . 0 0 0 ; 
I 
0 . 0 0 0 • 
0 . 7 6 9 
0 . 0 0 1 
0 . 7 2 7 
0 . 0 0 1 
t-l 
• I 
1 . 0 0 0 
0 . 0 0 0 
0 . 8 4 2 I 
0 . 0 0 1 i 
0 , 657 
O . o o i ' 
0 , 7 8 8 
0 . 0 0 1 
1 , 0 0 0 i 
0 . 0 0 0 
0.860 
0 . 0 0 1 
= 1 
1 . 0 0 0 
0 . 0 0 0 
3 
j 0 . 4 0 4 i 0 , 3 7 9 0 . 3 6 7 ; 0 . 3 2 1 0 . 2 7 2 0 . 2 9 7 ; 0 . 2 5 9 ; 0 , 3 2 2 0 , 3 2 5 
P 
'• Q.OOO 0 . 0 0 1 0 . 0 0 1 \ 0 . 0 0 1 0 . 0 0 1 • 0 , 0 0 1 0 . 0 0 1 . 0 , 0 0 1 0 . 0 0 1 
CV j 0 . 1 8 7 : 0 . 1 « 8 0 . 1 4 8 i 0 . 1 2 6 0 . 1 0 2 0 . 1 3 2 0 . 1 2 S ' 0 , 1 7 4 0 . 1 6 4 
0 . 0 0 1 • 0 . 0 0 2 0 . 0 0 8 ' 0 . 0 2 2 0 . 0 6 8 0 . 0 1 8 0 . 0 2 4 0 , 0 0 2 0 . 0 0 3 
. 0 . 0 6 5 0 . 0 5 2 0 . 0 3 1 1 0 . 0 2 6 0 . 0 1 3 . 0 . 0 4 1 0 . 0 4 8 0 , 0 8 6 1 0 . 0 6 9 
_ 
i 
0 . 0 3 1 1 0 . 0 2 0 
• 
- 0 . 0 0 1 : - 0 . 0 0 2 - 0 . 0 1 1 0 . 0 1 6 0 . 0 2 6 0 , 0 6 2 




0 . 0 2 3 0 . 0 1 2 : - 0 . 0 0 9 i - 0 . 0 0 8 
i 
- 0 . 0 1 6 . 0 . 0 1 0 0 . 0 2 1 : 0 . 0 5 6 . 0 . 0 3 7 
• 0 . 0 4 8 0 . 0 8 1 • O.OOO ! 0 . 0 9 4 
i 1 
0 . 0 5 7 0 . 0 6 0 1 0 . 1 2 2 0 . 2 4 8 
1 
0 , 2 5 1 
0 , 0 9 4 . 0 . 0 3 0 • 0 . 0 0 1 0 . 0 0 1 
<v 
0 . 0 6 0 0 . 0 8 4 . 
• 
0 . 1 0 1 0 , 1 0 4 ; 0 . 0 6 9 0 . 0 7 0 0 , 1 2 6 i 0 . 2 5 0 0 . 2 4 7 
•< : - • 0 . 0 7 4 0 , 0 6 4 : 0 , 0 2 4 0 . 0 0 1 0 , 0 0 1 
K1 0~.067 0 . 0 8 3 0 , 1 0 6 0 , 1 0 4 . 0 . 0 7 2 0 . 0 7 6 0 . 1 2 5 0 , 2 4 2 0 . 2 3 4 
- 0 . 0 5 8 0 , 0 6 4 _ 0 . 0 2 7 0 , 0 0 1 0 . 0 0 1 
C - 0 . 2 6 0 - 0 . 2 5 1 - 0 . 2 5 1 - 0 . 1 9 6 - 0 . 1 8 0 - 0 . 1 8 1 - 0 . 1 2 7 - 0 . 1 4 2 - 0 , 1 4 2 
3 
0 , 0 0 1 0 . 0 0 1 • 0 . 0 0 1 0 . 0 0 1 ' 0 . 0 0 1 0 . 0 0 1 0 . 0 2 4 0 , 0 1 1 0 , 0 1 1 
K 0 , 4 5 1 0 . 4 2 7 ; 0 . 4 2 6 0 . 3 6 8 0 . 3 1 8 0 . 3 3 1 0.26.3 0 , 3 2 : 0 , 3 2 7 
i 0 , 0 0 1 0 . 0 0 1 1 0 . 0 0 1 0 . 0 0 1 j 0 . 0 0 1 0 , 0 0 1 0 . 0 0 1 0 , 0 0 1 0 . 0 0 1 
439 
SPA + ASTA ( 3 / 4 ) J !f = 7 8 
1 p 
S i K . 
p j r ! p | r ! . p [ p ' r 
s l < r . a l e . ' a l e . ' s i r . a l e . s i r . s i c . 
r 
s i e . 
r • 
a i e . 
u l a l u i a 2 u i a 3 i ' . i a 4 ; u i a 5 i i l a 6 ' ! i i a 7 . u l a f l i i ; i a 9 
• 
3 
1 . 0 0 0 
O.OOO 
0 , 8 4 0 
0 . 0 0 1 
0 , 8 0 8 i 0 , 7 4 6 
1 
0 . 0 0 1 : 0 . 0 0 1 
0 , 7 e 3 j 0 . 6 7 7 0 . 5 9 1 . 0 . 7 1 7 | 0 . 683 
0 . 0 0 1 0 . 0 0 1 1 0 . 0 0 1 '' 0 , 0 0 1 ' 0 , 0 0 1 
•1 
3 1 
1 . 0 0 0 1 0 . 9 0 0 :• 0 . 7 9 0 
i 
0 . 0 0 0 • 0 . 0 0 1 ' O . O O I 
0 . 8 0 6 : 0 , 6 7 8 : 0 , 6 2 1 0 . 7 5 7 ; 0 . 725 




: 1.0OO : 0 . 7 6 7 ! 0 . 8 2 2 0 . 6 7 5 i 0 . 6 8 4 0 . 7 9 6 
; ' i • 
0 , 0 0 0 • 0 , 0 0 1 ' 0 , 0 0 1 O . o o r 0 . 0 0 1 0 . 0 0 1 
0 . 765 
0 . 0 0 1 
l i 
1 1 1 . 0 0 0 
I 1 
; ! 0 . 0 0 0 
0 , 7 8 5 0 , 5 8 2 ! 0 . 5 1 7 0 . 6 5 6 
! 
0 . 0 0 1 O . o o i ! O . O O I • 0 . 0 0 ' 
0 . 6 2 4 
0 . 0 0 1 
•si ! 
3 1 
1 i 1 , 0 0 0 ! 0 , 7 8 l | 0 , 7 2 8 • 0 . 7 6 6 ] 0 , 7 4 7 
' ' O.OOO 0 , 0 0 1 ^ 0 . 0 0 1 0 , 0 0 1 j 0 . 0 0 1 
1 : i 1.0001 0 . 5 6 6 0 , 6 5 7 ' 0 , 6 8 8 ; : i i 
0 . 0 0 0 - 0 . 0 0 1 0 . 0 0 1 • 0 . 0 0 1 
a : 
• 2 ; ! . 
1 . 0 0 0 0 . 6 8 1 j 0 . 5 8 1 
: 0 . 0 0 0 0 . 0 0 1 : 0 . 0 0 1 
c s ; ' 
l i i 
j ; 1 . 0 0 0 
I • ' • 0 . 0 0 0 
0 . 8 4 0 
0 . 0 0 1 
c - i 
• ' 
= 1 
i ' ! • 
: ! 
1 ! • • ' i 
1 . 0 0 0 
0 . 0 0 0 
0 . 0 2 4 1 - 0 . 0 4 4 
0 . 032 1 - 0 . 0 9 3 1 0 . 0 3 9 ; 0 . 0 6 6 ; 0 . 1 0 0 • 0 . 0 4 8 0 , 0 8 8 
• 
0 . 0 0 7 ! - 0 , 0 6 0 ; 0 , 0 1 3 1 - 0 . 1 0 9 ; 0 . 0 2 1 0 . 0 5 7 0 . 0 7 9 : 0 . 0 3 8 0 , 085 
- 0 . 0 0 6 - 0 . 0 7 1 , 0 . 0 0 1 i - 0 . 1 1 9 ; o . 0 0 9 0 . 0 5 3 0 . 0 6 3 0 . 0 3 2 0 . 0 8 0 
; ' ;- • ! 
» - 0 , 0 1 5 1 - 0 . 0 7 8 j - 0 . 0 0 6 - 0 . 1 2 6 i 0 - 0 0 3 0 . 0 5 2 . 0 . 0 5 3 • 0 . 0 2 9 I 0 . 0 7 7 
- 0 . 0 2 0 - 0 . 0 8 2 ; - 0 . 0 1 1 i - 0 . 1 3 1 I - 0 . 0 0 2 . 0 . 0 5 2 : 0 . 0 4 6 i 0 . 0 2 7 0 . 0 7 4 
_ i 0 . 0 3 4 . - 0 . 0 3 7 : 0 . 0 2 6 1 - 0 . 0 6 3 i O.OOQ ; 0 . 0 7 2 } 0 . 1 0 6 0 . 0 6 6 
211 
0 . 0 4 8 1 - 0 . 0 2 1 ; - 0 . 0 4 3 j - 0 . 0 4 2 , 0 . 0 3 1 , 0 , 0 9 3 0 , 1 0 5 ; 0 . 0 7 6 
- I I 
0 . 0 5 7 i - 0 . 0 0 9 ; 0 . 0 5 3 - 0 . 0 2 8 . 0 . 0 4 7 ; 0 . 1 0 8 | 0 . 1 0 6 ; 0 . 0 8 2 
1 ' I : ' 
0 . 0 9 4 
0 . 1 0 8 
0 . 1 1 7 
- 0 . 0 6 3 i - 0 . 0 0 3 - 0 . 0 8 6 i 0 . 0 5 0 - 0 , 0 9 1 - 0 . 0 9 7 - 0 . 1 5 4 . - 0 . 0 8 1 
H ^ 
- 0 . 0 8 4 
0 . 0 4 4 - 0 , 0 2 2 , 0 , 0 5 8 - 0 . 0 7 3 . 0 . 0 6 4 
! 
1 
0 , 0 8 0 , 0 . 1 2 7 0,063 0 . 0 8 8 
440 
GB * AGS ( 3 / 4 ) H = 45 
T ^ P I r r ! «• 
a i r . ' a i r . ' s i r . ' a i r . - s i r . s i r . a i r . 
p 
s i r . 
r 
a i r . 
u i a l u i a 2 u i a 3 \ ' l a 4 u i a 5 i ] t a 6 ! u i a 7 u l s 8 
u i a o 
1 . 0 0 0 
0 . 0 0 0 
0 . 9 0 2 
0 . 0 0 1 1 
0 . 9 2 1 j 0 . 9 2 1 j 
0 . 0 0 1 0 . 0 0 1 ! 
0 . 8 1 3 
0 . 0 0 1 
0 . 8 1 0 
0 . 0 0 1 ! 
0 . 8 3 1 
0 . 0 0 1 
0 . 7 2 2 
0 . 0 0 1 
0 . 7 1 7 
0 . 0 0 1 
I 1 . 0 0 0 j 0 . 9 3 ? i 0 . 9 3 0 0 . 8 5 5 : 0 . 8 5 6 : 
! ri.oOO I 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 
0 . 8 7 1 
0 . 0 0 1 
0 . 7 7 4 
O . r o i 
0 ; 7 2 7 
n . o o i 
• 1 . 0 0 0 0 . 9 5 2 -
; i i 
' 0 . 0 0 0 ! C^rQ±[_ 
0 . 8 3 8 
0 . C 0 1 
0 . 8 5 2 ; 
I 
O . o n - ; 
0 . 8 5 6 
0 . 0 ^ 1 
0 . 7 8 2 . 
i 
0 . 0 0 1 i 
0 . 7 7 2 
O . ^ C l 
1 . 0 0 0 
0 . 0 0 0 
. 0 . 9 0 1 
0 . 0 0 1 
0.887 
0.001 




0 . 7 9 2 
O . n O I 
a 
= 1 
1 . 0 0 0 
0 . 0 0 0 
o.e°4 
0.001 
0 . 8 7 0 
0 . 0 0 1 
0 . 7 6 1 
0 . 0 0 1 1 
0 . 7 0 3 
0 . 0 0 1 
1 , 0 0 0 : 0 . 9 1 3 
I 
0 . 0 0 0 - 0 . 0 0 1 
0 . 7 9 8 I 
0 . 0 0 1 : 
r- 1 . 0 0 0 
0 . 0 0 0 
0 .812 
0 . 0 0 1 
0 , 8 7 7 ; 0 . 8 8 1 
0 . 0 0 1 ! 0 . 0 0 1 
c3; 
a : 
1 . 0 0 0 1 
0 . 0 0 0 
0 . 8 9 2 
0 . 0 0 1 
a : 
1 . 0 0 0 
0 . 0 0 0 
. - i 0 . 0 4 2 ' 0 . 0 1 0 i 0 . 1 0 1 • 0 . 1 5 5 1 0 . 0 9 5 • 0 . 1 1 9 : 0 . 1 1 6 ; 0 . 1 9 8 j 
0 . 0 3 9 
^ 0 2 0 
j 0 . 0 3 6 - 0 . 0 8 1 i 0 . 1 2 3 i 0 . 0 7 0 0 . 1 0 3 - 0 . 1 4 0 ; 0 . 2 1 5 
0 . 1 8 6 
0 . 1 8 1 
0 . 0 4 2 , 0 . 0 5 9 '• 0 . 0 9 2 i 0 . 0 5 7 0 . 0 8 2 - 0 . 1 4 2 0 . 2 1 3 1 0 . 1 6 7 
0 . 0 2 1 0 . 0 4 2 j 0 . 0 4 4 0 . 0 7 2 | 0 . 0 4 1 . 0 . 0 6 7 0 . 1 3 8 0 . 2 0 8 0 . 1 5 6 
0 . 0 1 6 0 . 0 4 1 : 0 . 0 3 5 •; 0 . 0 6 1 
i - 0 . 0 7 6 0 . 0 1 0 . - 0 . 1 2 8 1 - 0 . 0 9 8 
i j : • ! i 
: - 0 . 0 8 0 1 - 0 . 0 0 1 . - 0 . 1 2 7 ; - 0 . 1 0 4 
I 
- 0 . 0 8 3 - - 0 . 0 1 1 - 0 . 1 2 3 - 0 . 1 0 8 
0 . 0 1 4 
0 . 0 3 2 0 . 0 5 8 : 0 . 1 3 5 . 0 . 2 0 3 0 . 1 5 0 
- 0 . 0 0 5 - 0 . 0 3 4 I 0 . 0 7 8 . 0 . 1 0 0 - 0 . 0 1 6 
- 0 . 0 1 7 : - 0 . 0 4 2 0 . 0 6 8 ; 0 . 0 9 0 - 0 . 0 3 3 
- 0 , 0 2 7 i - 0 . 0 4 8 : 0 . 0 5 9 ; 0 . 0 7 2 - 0 . 0 4 7 
O . O 0 8 - 0 . 0 6 8 - 0 . 1 2 8 - ' ^ . 0 * 4 I - 0 . 0 7 2 I 0 . 0 2 0 - 0 . 0 7 6 
0 . 0 2 3 - 0 . 6 4 6 ; • 0 . 0 9 9 i 0 . l 4 0 0 . 0 8 5 
- 0 . 1 1 5 
0 . 1 0 8 ' 0 . 0 5 6 i 0 . 1 4 5 0 . 1 6 2 
SWB + ASWE (5/4) 2 1 1 
P P p ! p 1 p 1 p 
a i e . ! s i f r . ' s l e . • s i f . 
P 1 P I P 
s l g , i a l e . I a l ^ . i • i f . 
f h l f h ? f h 5 f h 4 f h 5 ; f h 6 f h 7 : f h S i f h 9 
' £ 
Vl 
1 . 0 0 0 
0 . 0 0 0 
C . 8 0 8 
0 . 0 0 1 
0 , 7 0 0 j 0 , 7 4 1 
0 . 0 0 1 '• 0 . C 0 1 
0 , 7 2 7 j 0 . 7 2 8 
0 . 0 0 1 O .OOI 
0 . 6 4 7 . 0 . 6 4 7 
I 
0 . 0 0 1 O .OOI 
0 . 6 4 T 
O . O O i 
CM 
£ 
j 1 . 0 0 0 j 0 . 8 1 0 1 C . - ^ 9 
j 0 . 0 0 0 ! 0 . 0 0 1 " , 0 0 1 
. 0 . 7 4 6 • 0 . 7 0 0 
• 
0 . 0 0 1 0 . 0 0 1 
0 . 6 1 2 i 0 . 6 2 0 i 0 . 6 1 8 1 
0 . 0 0 1 ' 0 . 0 0 1 I 0 . 0 0 1 
£ 
Vl 
j i 1 . 0 0 0 ; 0 . 7 ? 9 j 0 . 7 6 4 0 . 7 1 0 j 0 . 6 6 4 0 . 6 8 7 j 0 , 6 4 0 
1 O .OOO • O .OOI ' 0 , 0 0 1 0 , 0 0 1 1 0 . 0 0 1 0 , 0 0 1 ! 0 . 0 0 1 
£ 
V l 
1 i ; 1 . 0 0 0 , 0 . 6 0 4 0 . 7 8 7 | 0 . 7 0 2 0 . 6 6 2 
i ! ' i 
1 1 I 0 . 0 0 0 1 O .OOI " . C ^ l I 0 . 0 0 1 . O . O O I 
0 . 6 5 8 
0 . 0 0 1 
d ' ' ! i 
^ 1 ; ' • 
1 . 0 0 0 0 7 8 7 i . 6 5 3 ; 0 . 6 7 5
0 , 0 0 0 O.OOI : 0 , 0 0 1 0 . 0 0 1 
0 . 6 2 8 
0 . 0 0 1 
o l i ; 1 . 0 0 0 1 0 , 6 4 6 0 , 6 4 5 ! 0 . 6 2 8 
f 1 • 1 ' ^ i i . 
! 0 . 0 0 0 : O.OOT 0 . 0 0 1 | 0 . 0 0 1 
1 . 0 0 0 
0 , 0 0 0 
0 . 6 7 4 
0 . 0 0 1 I 0,001 
V , ' 
1 . 0 0 0 
0 . 0 0 0 
0 . 7 7 2 
0 . 0 0 1 
! 0 . 0 9 5 : 0 . 1 0 6 0.193 ; 
i 
0 . 0 0 5 ! 
0 . 1 3 2 ! 0.120 0 . 0 8 9 ; 0.101 0 . 1 6 6 
0 . 0 5 6 0 . 0 8 2 • - ' - 0 . 0 T 5 
1 . 0 0 0 
0 . 0 0 0 
0 . 1 4 6 
0.034 
C M ; 0 . 0 0 7 
»• 
- ( 1 . 0 2 9 
c . 
0 . 0 3 2 , 0 . 0 9 0 I 0 . 0 5 6 j 0 . 0 5 7 0 . 0 0 3 I 0 . 0 5 7 '•• 0 . 0 8 8 0 . 0 9 4 
0 . 0 0 3 j 0 . 0 4 3 ^ 0 . 0 2 4 j 0 , 0 2 7 : -0.031-; 0 . 0 2 9 0 . 0 4 2 
- 0 . 0 3 9 : - 0 . 0 0 5 i 0 . 0 2 6 j 0 . 0 1 2 1 0.015 . - 0 . 0 4 0 i 0.013 0 . 0 1 8 
0 . 0 5 4 
0 . 0 3 2 
- 0 . 0 4 3 - O . O O O : 0 . 0 1 9 i 0 . 0 0 5 i ( ^ , 0 0 8 : - 0 . 0 4 3 i 0 . 0 0 2 . 0 . 0 0 1 0 . 0 1 9 
I - I 
, . • - 0 . 4 2 0 - 0 . 4 0 3 
q^/vDi_ 
' ^ . 3 6 ° 
0 . 0 0 1 
- 0 . 3 3 4 
: 0 . 0 0 1 
"i^.355' 
i 0 . 0 0 1 ^ 
; -o .32i • 
I 
0 . 0 0 1 1 0 . 0 0 1 
-0.391 
0.001 
- 0 . 3 6 0 
0 , 0 0 1 
- 0 . 1 0 0 
- 0 . 3 3 7 
1 
0.001 
1 - 0 . 1 1 8 • 
0 . 0 8 7 : 
•0.136 
0 . 0 4 8 
.0.417 I _ o . 4 6 l 
0.001 • 0,001 
-0,379 
0,001 
- 0 . 4 2 8 j - 0 . 3 4 8 
I 







- 0 . 3 8 8 
0 . 0 0 1 
- 0 . 3 5 3 - 0 . 3 7 ° 
0 . 0 0 1 0 . 0 0 1 
- 0 . 1 4 4 - 0 , 1 5 6 







- 0 . 3 4 1 
0 . 0 0 1 
- 0 . 2 8 3 
0 . 0 0 1 
: - 0 , 2 9 1 
0 . 0 0 1 
- 0 . 3 2 6 
0 . 0 0 1 
- 0 . 1 0 4 1 - 0 . 0 6 6 - 0 . 1 2 3 
i 0 . 0 7 7 
- 0 . 0 2 2 
0 .156 
0 . 0 2 4 
0 . ' 5 o 
0 . 0 2 2 
0 . 2 3 4 
0 . 0 0 1 
0 . 1 8 1 . 0 . 1 7 2 
0 . 0 0 8 I 0 . 0 1 2 
0 . 1 5 0 
0 . 0 3 0 
0 . 1 1 2 0 . 1 8 8 
0 . 0 0 6 
0 . 1 1 4 
0 . 0 9 8 
442 
SPA + ASPA ( 3 / 4 ) 104 
p p p P 
am. 
T 
a i r . 
p 
s l g . T T S i ( t . p • i | r . p s i g . p s l « . 
f h l f h 2 f h 3 f h 4 f h 5 f h 6 fh7 fha f h 9 
1 . 0 0 0 
' > . 0 O 0 
0 . 7 0 7 
0 . 0 0 1 
0 . 7 0 7 j 0 . 7 3 9 
n.r.nf ; 0 . 0 0 1 
0 . 4 1 9 
0 . 0 0 1 
0 . 5 7 7 
0 . 0 0 1 
0 . 6 9 6 
0 . 0 0 1 
0 . 6 3 4 
0 . 0 0 1 
0 . 5 7 4 
0 . 0 0 1 
1 . 0 0 0 ? 0 . 7 2 9 f 0 . 7 5 7 0 . 4 6 8 
0 . 0 0 0 ! 0 . O 0 1 ; 0 . 0 0 1 '• o.ooi 
0 . 5 5 9 J 
O . C O l : 
0 . 6 8 2 
0 . 0 0 1 
0 . 5 6 3 
0 . 0 0 1 
0 . 5 5 7 
0 . 0 9 1 
1 . 0 0 0 : 0 . 7 3 2 : 0 . 6 0 2 
I 
0 . 0 0 0 : 0 . 0 0 1 0 . 0 0 1 
0 . 5 8 1 ] 
0 . 0 0 1 ! 
0 . 7 0 9 
0 . 0 0 1 
0 . 5 5 8 
0 . 0 0 1 
0 . 4 9 0 
0 . 0 0 1 
; 1 . 0 0 0 , 0 . 5 8 0 0 . 6 7 0 I 0 . 6 7 4 0 . 5 4 9 
I 0 . 0 0 0 n.ooi O . C O l ! o . , n o i : o . o o i 
;• 0 . 5 4 9 
I 0 . 0 0 1 
1 . 0 0 0 
0 . 0 0 0 
0 . 5 8 9 
C . 0 0 1 
0 . 5 1 2 
0 . 0 0 1 
0 . 3 7 8 
0 . 0 0 1 
I 0 . 2 9 7 
i 0 . 0 0 2 
1 . 0 0 0 I 
I 
0 . 0 0 0 : 
0 . 7 5 1 
0 . 0 0 1 
0 . 5 3 4 
0 . 0 C 1 
0 . 6 0 0 
0 . 0 0 1 
1 . 0 0 0 
0 . 0 0 0 
0 . 7 5 5 
0 . 0 0 1 
i 0 . 7 3 2 
I 0 . 0 0 1 
! I : 1 . 0 0 0 0 . 7 7 2 




•1 I 1 1 
1 
1 . 0 0 0 
i 1 1 1 0 . 0 0 0 
! o .e ia 
j 
; 0 . 1 5 8 ; 0 . 1 1 8 j 0 . 1 5 3 1 0 . 0 1 0 
1 
0 . 0 9 3 1 0 . 1 7 6 0 . 1 6 6 0 . 1 6 4 
V I 
; 0 . 0 2 6 - - . i - - ' 0 . 0 7 4 0 . 0 9 2 0 . 0 9 6 . 
CM ! C . 1 6 8 : 0 . 1 1 9 0 . 0 7 6 1 0 . 0 8 2 1 - 0 . 0 2 6 0 . 0 5 8 1 0 . 1 2 2 0 . 1 5 8 0 . 1 4 2 





' O". l " 5 2 ~ 0 . 1 1 2 j 0 . 0 6 5 ; 0 . 0 6 9 ; - 0 . 0 2 8 0 . 0 5 3 1 0 . 1 0 8 0 . 1 5 4 0 . 1 3 4 
V . 
C 
: 0 . 1 5 0 ; 0 . 1 1 6 t 0 . 0 6 6 
1 
; 0 . 0 7 3 1 - 0 . 0 2 2 
t 
, 0 . 0 5 7 ; 0 . 1 0 9 
i 




0 . 1 5 1 - . 0 . 1 2 1 : 0 . 0 7 0 j 0 . 0 8 2 - 0 . 0 1 6 : 0 . 0 6 3 0 . 1 1 2 
-
0 . 1 5 6 0 . 1 3 5 
• - 0 . 0 2 3 - 0 . 1 8 8 ; - 0 . 1 6 3 1 - 0 . 2 1 0 - 0 . 2 4 2 - 0 . 2 4 6 [ - 0 . 0 7 0 0 . 0 3 5 0 . 0 5 6 
• 0 . 0 5 6 0 . 0 3 2 0 . 0 1 3 . 0 . 0 1 2 
- 0 . 0 3 9 j - 0 . 1 0 0 : - 0 . 1 7 2 j - 0 . 2 3 0 - 0 . 2 3 0 1 - 0 . 2 2 3 r - 0 . 0 8 4 0 . 0 4 2 0 . 0 5 * ' 
< 
0 . 0 5 4 0 . 0 8 1 ! 0 . 0 1 8 0 . 0 1 8 0 . 0 2 4 _ 
- 0 . 0 5 4 - 0 . 1 8 8 - 0 . 1 8 1 - 0 . 2 4 4 - 0 . 2 2 0 - 0 . 2 0 1 - 0 . 0 9 9 ; 0 , 0 4 5 0 . 0 5 5 
< 
0 . 0 5 6 0 . 0 6 8 0 . 0 1 2 0 . 0 2 4 0 . 0 4 2 
Vl 
- 0 . 2 8 1 - 0 . 2 1 5 - 0 . 2 5 2 - 0 . 3 2 4 - 0 . 1 4 8 - 0 . 2 1 4 - 0 . 2 5 5 - 0 , 1 5 2 - 0 . 1 7 1 
0 . 0 0 4 0 . 0 2 9 0 . 0 1 0 0 . 0 0 1 _ 0 . 0 0 9 1 - 0 . 0 8 4 
0 . 2 6 4 0 . 1 9 9 0 . 1 8 6 0 . 2 6 1 0 . 0 0 3 0 . 1 5 9 0 . 2 3 7 0 . 1 5 5 0 , 1 7 3 
0 . 0 0 6 0 . 0 4 4 0 . 0 5 8 0 . 0 0 8 0 . 0 1 6 _ 0 . 0 8 1 
443 
SB + AOB ( 3 / 4 ) I - 52 
p p 
a le . 
p 
» i y -
p 
• l e . 
p 
8 i £ . 
p 
s i e . 
p 
fhl f h 2 I f h 3 : f h 4 i f h 5 fh6 fh7 f h S f h 9 
1,.000 
0 . 0 0 0 
0 . 5 8 2 
0 . 0 0 1 
0 . 6 4 8 j 0 . 6 4 9 
o.ooi; 0 , 0 0 1 
0 . 3 1 3 
0 . 0 9 2 
0 . 4 9 7 
0 . 0 0 3 
0 . 6 4 9 i 0 . 4 1 0 
I 
0 . 0 0 1 ' 0 , 0 1 9 
0 , 4 4 4 
0 . 0 1 0 
1 . 0 0 0 r 0 . 7 2 5 ; 0 , 7 6 3 0 . 3 1 6 
0 . 0 0 0 ! 0 . 0 0 1 : 0 , 0 0 1 • o,r7e 
0 . 6 9 1 j 0 . 6 7 7 : 0 . 4 8 6 j 0 . 3 8 2 
O . O O I : o . ' ' 0 1 0 . 0 0 4 ! 0 . 0 3 0 
1 . 0 0 0 ; 0 . 8 2 3 i ^.?6* 
i I 
0 . 0 0 0 I 0 , 0 0 1 ' 
0 . 7 2 9 j 0 , 6 5 6 ' 0 . 5 1 3 0 . 3 7 4 
o . o n i o .ooi 0 . 0 0 2 .3 .034 
! . 0 0 0 
0 . 0 0 0 
0 . 3 8 8 0 , 6 0 7 i 0 . 7 0 2 0 . 5 2 1 • 0 , 3 7 4 
' ^ , 0 2 8 0 , 0 0 1 I 0 . 0 0 1 • 0 . 0 0 2 0 , 0 3 4 
1 , 0 0 0 
0 . 0 0 0 
0 . 1 6 9 0 . 1 8 2 0 . 2 6 3 0 , 2 5 7 
1 . 0 0 0 I 0 . 5 7 2 . 0 . 2 9 3 ! 0 . 1 9 1 
i 
0 . 0 0 0 I 0 . C C 1 
1 . 0 0 0 0 . 6 9 6 I 0 . 6 4 3 
0 . 0 0 0 0 . 0 0 1 i 0 . 0 0 1 
1 . 0 0 0 
0 . 0 0 0 
0 . 8 6 6 
0 . 0 0 1 
£! I i 1 . 0 0 0 
0 . 0 0 0 
. . } C - 0 5 3 i 0 . 1 2 3 ! 0 , 0 8 4 i 0 . 2 3 3 ' 0 . 1 8 1 . 0 . 1 5 9 ! 0 . 1 2 4 0 . 2 ^ 2 0 . 0 9 7 
CNij 0.039 
a-
K%i 0 , 0 2 7 
V l ' 
c ; 
i 0 . 1 3 2 ; 0 . 0 5 1 I 0 . 2 4 5 I 0 . 1 5 4 : 0 . 1 7 6 ; 0 . 0 9 1 ; 0 . 1 8 1 0 . 0 2 7 
0 . 1 4 5 i 0 . 0 3 4 i 0 . 2 4 9 i 0 . 1 3 8 . , 0 , 1 8 8 ' 0 . 0 7 0 0 , 1 3 2 - 0 , 0 1 7 
0 . 0 2 0 I 0 . 1 6 4 
0 . 0 5 0 j 0 . 2 5 3 j 0 . 1 3 1 . 0 . 1 9 8 : 0 . 0 6 3 0 . 1 0 6 - 0 . 0 4 0 
l/^ 0 . 0 1 8 0 . 1 8 6 ; 0 . 0 3 6 1 0 . 2 6 0 j 0.131 •• 0 . 2 0 8 ! 0 . 0 6 4 . 0 . 0 9 4 • 0 . 0 4 9 
^ 1 - 0 . 3 4 6 
^ ; 
I 0 , 0 5 2 
- 0 , 0 9 4 - 0 , 2 7 4 - 0 , 2 8 3 • - 0 . 4 2 1 
- : 0 . 0 1 6 
- 0 . 2 8 6 - 0 . 0 4 4 0 . 0 7 7 0 . 1 5 2 
CM - 0 . 3 4 4 1 - 0 . 1 1 5 ; - 0 . 2 8 9 : - 0 . 3 0 i 1 - 0 . 4 0 3 j - 0 . 3 1 0 ; - 0 . 0 7 5 j 0 . 0 5 4 0 . 1 3 5 
0 , 0 5 4 
- 0 . 7 " 4 2 
I 
-0.136 - 0 . 3 0 1 - 0 . 3 1 7 • • - 0 . 3 8 6 I 
' i i i 
0 , 0 9 6 i 0 , 0 7 8 0 . 0 2 8 
- 0 , 3 3 2 - 0 . 1 0 5 0 . 0 3 0 
0 . 0 6 4 
0 . 1 1 7 
- 0 , 0 1 0 - 0 , 0 6 6 - 0 , 1 1 8 i - 0 . 0 7 9 - 0 , 1 7 1 - 0 . 1 0 6 - 0 . 1 2 3 . - 0 . 3 S 0 
- . 0 . 0 3 2 
- 0 . 1 7 3 
0 , 0 5 0 0 . 1 0 7 : 0 . 1 1 9 0 . 1 8 4 . 0 . 2 0 0 0 . 1 3 6 1 0 . 1 4 9 0 . 3 5 6 
0 . 0 4 4 
0 . 1 6 9 
444 
3WB • ASWS ( 5 / 4 ) 5 1 - 3 2 7 
V r r j r | r , r 
• I g . 1 a l f r . : a l e . ' a i g . a l g . 
r ! «• 
a i f . 1 a l f . 
r 
• u . 
r 
a i g . 
f h l n i 2 f h 3 f h 4 j f h 5 1 f h 6 f h 7 i f h S f h 9 
1 . 0 0 0 
0 ^ 0 0 0 
0 . 8 2 0 
0 . 0 0 1 
0 . 8 2 8 j 0 . 7 6 6 j 0 . 7 1 5 j 0 . 6 7 7 
0 . 0 0 1 ; 0 . 0 0 1 1 0 . 0 0 ' - 0 . 0 0 1 
0 . 6 1 8 i 0 . 5 9 0 
1' 
o . o n i ' 0 . 0 0 1 
0 . 5 6 7 
0 . 0 0 1 
CM 
VI 
r . O O O j 0 . 8 4 6 i 0 . 8 1 0 j . 0 . 7 4 0 ! 0 . 7 3 6 
0 . 0 0 0 1 0 . 0 0 1 • 0 . 0 0 1 • 0 . 0 0 1 0 . 0 0 1 
1 0 . 6 8 3 : 0 . 6 4 7 j 0 . 5 8 3 
'• 0 . 0 0 1 0 . 0 0 1 ! 0 . 0 0 1 
1 1 . 0 0 0 : 0 . 8 4 3 - 0 . 7 6 2 0 . 7 4 3 ] 0 . 6 8 6 0 . 6 3 ° j 0 . 5 7 3 







; 1 . 0 0 0 i 0 . 8 0 2 0 . 7 0 9 
0 . 0 0 0 1 0 . 0 0 1 0 . 0 0 1 
i 0 . 6 2 6 0 . 6 0 7 
0 . 0 0 1 : 0 . 0 0 1 
; 0 . 5 4 9 
0 . 0 0 1 
m i 1 
! 1 . 0 0 0 i 0 . 7 9 9 
' 0 . 0 0 0 0 . 0 0 1 
0 . 6 6 0 0 . 5 4 2 
0 . 0 0 1 0 . 0 0 1 
0 . 4 8 7 
0 . 0 0 1 
0 ; i . : 1 . 0 0 0 1 0 . 6 9 2 0 . 6 2 0 
£ 1 • ! • 1 
*- ^ : ' ! 
! ; • • 0 . 0 0 0 ' 0 . 0 0 1 0 . 0 0 1 
0 . 5 * 1 
! 0 . 0 0 1 
p.i . • 1 . 0 0 0 0 . 6 9 2 1 0 . 6 0 9 
^ \ • • 
: : : i . ' 0 . 0 0 0 0.00- j 0 . 0 0 1 
«i i ; 1 ' ! ^-oo" 
I . 0 . 0 0 0 
0 . 6 9 0 
0 . 0 0 1 
n 
i ! ! : i i i 
: : i 1 • : ' 
1 . 0 0 0 
0 . 0 0 0 
0 . 1 9 0 1 0 . 2 0 6 : 0 . 1 7 8 i 0 . 1 7 1 ! 0 . 1 1 3 0 . 1 4 0 1 0 . 1 2 1 0 . 1 4 1 
1 i 1 • ; 1 . 
0 . 0 0 1 0 . 0 0 1 ; 0 . 0 0 1 I 0 . 0 0 ? 0 . 0 4 4 '. 0 . 0 1 2 ' 0 . 0 3 0 ' 0 . 0 1 2 
0 . 0 6 8 
eg; 0 . 0 7 9 
p -
0 . 0 9 5 1 0 . 0 7 1 t 0 . 0 6 9 1 0 . 0 3 2 • 0 . 0 5 6 ; 0 . 0 3 5 ' 0 . 0 1 2 
0 . 0 9 0 - . - ' 
- 0 . 0 1 9 
• • 
P ' 
0 . 0 1 5 0 . 0 2 5 j 0 . 0 0 9 i 0 . 0 0 8 j - 0 . 0 1 1 .. 0 . 0 0 6 - 0 . 0 1 8 - 0 . 0 5 1 j - 0 . 0 6 4 
- 0 . 0 0 3 ! 0 . 0 0 6 ! - O . C < i e 1 - 0 . 0 0 8 j - 0 . 0 2 2 . - 0 . 0 0 8 ; - 0 . 0 3 3 - 0 . 0 6 7 - 0 . 0 7 5 
m - 0 . 0 0 7 0 . 0 0 1 ; u. 
C : . 
- 0 . 0 1 2 i - 0 . 0 1 2 ; - 0 . 0 2 5 . - 0 . 0 1 2 i - 0 . 0 3 7 - 0 . 0 7 0 
- I . - ^ - - 1 
- 0 . 0 7 7 
_ ' - 0 . 3 4 4 - 0 . 2 9 0 - 0 . 3 3 6 1 - 0 . 3 3 0 - - 0 . 3 6 2 - 0 . 3 2 6 1 - 0 . 2 8 5 - 0 . 2 2 0 
<i . • ' . • 1 • ! 
: 0 . 0 0 - •• 0 . 0 0 1 0 . 0 0 1 • o - o o ' . 0 . 0 0 1 1 0 . 0 0 1 i 0 . 0 0 1 0 . 0 0 1 
- 0 . 2 5 4 
0 . 0 0 1 
< 
- 0 . 2 9 7 j 
0 . 0 0 1 
- 0 . 2 5 5 
0 . 0 0 1 
- 0 . 2 4 7 . - 0 . 2 8 5 1 - 0 . 2 8 4 ; - 0 . 3 0 5 | - 0 . 2 7 9 , 
0 . 0 0 1 ' 0 . 0 0 1 '• 0 . 0 0 1 1 0 . 0 0 1 1 0 . 0 0 1 
- 0 . 2 5 4 
0 . 0 0 1 
- 0 . 2 0 0 
O.OOV 
- 0 . 2 3 8 
0 . 0 0 1 
- 0 . 2 1 0 - 0 . 2 4 1 - 0 . 2 3 9 - 0 . 2 5 8 
1 ; : 
0 . 0 0 1 0 . 0 0 1 ! 0 . 0 0 1 ' 0 . 0 0 1 
- 0 . 2 4 0 
0 . 0 0 1 
- 0 . 2 2 5 
0 . 0 0 1 
- 0 . 1 8 3 
0 . 0 0 1 
- 0 . 2 1 9 
0 . 0 0 1 
c 
• . 4 
a 
- 0 . 1 0 4 
0 . 0 6 0 
- 0 . 0 8 3 - 0 . 1 2 2 i - 0 . 0 9 3 -0.0--17 
1 
. - : 0 . 0 2 8 ! 0 . 0 9 6 • 0 . 1 8 2 
- n . 0 6 3 - 0 . 0 3 3 - 0 . 0 7 7 - 0 . 0 0 3 
I 
0 . 1 9 3 
0 . 0 0 1 
0 . 1 8 8 • o . i s a 
0 . 0 0 1 1 0 . 0 0 1 
0 . 1 7 0 n . 1 3 2 
0 . 0 0 2 ! 0 . 0 1 6 
0 . 1 3 3 
0 . 0 1 6 
0 . 1 0 5 
0 . 0 6 0 
0 . 1 5 5 
0 . 0 0 6 
0 . 0 6 3 
3 ? i ••• AS?A ( 3 / 4 ) 105 
r 
• l ( r 
p 
mig. •• tif. 1 alg. ; alg. aig. 1 s i s . 
p 
f h l n i 2 f h 3 f h 4 f h 5 f h 6 « i 7 1 f h S n i 9 
fh
l 
1 . 0 0 0 
6 . 0 0 0 
0 . 7 9 * 
0 . 0 0 1 
0 . 7 3 7 ; 0 . 7 6 0 
1 
0 . 0 0 1 ; 0 . 0 0 1 
0 . 7 0 6 
0 . 0 0 1 
0 . 7 0 3 
0 . 0 C 1 
0 . 7 6 1 1 0 . 6 9 5 
1 
0 . 0 0 1 ' 0 . 0 0 1 
0 . 6 4 2 
0 . 0 0 1 
€ 
1,-eoo -
0 . 0 0 0 
0 . e * T ! 0 . 8 5 6 
1 
0 . 0 0 1 0 . 0 0 1 
0 . 7 7 0 • 0 . 7 2 9 
0 . 0 0 1 0 . 0 0 1 
0 . 8 1 5 '• 0 . 7 5 0 ! 0 . 6 9 4 
= ! 
0 . 0 0 1 0 . 0 0 1 ! 0 . 0 0 1 
i 1 . 0 0 0 : 0 . 8 5 1 i 0 . 7 7 0 0 . 7 2 0 
0 . 0 0 0 : 0 . 0 0 1 ! O . n o i o . o n i 
0 . 8 2 3 0 . 7 1 1 i 0 . 7 3 8 
0 . 0 0 1 0 . 0 0 1 1 0 .001 
v< 
j : 1 . 0 0 0 , 0 . 8 0 3 0 . 7 5 7 
! . O.f^OO 1 0 . 0 0 1 0 . 0 0 1 
0 . 3 0 7 0 . 7 6 1 
0 .CO1 : 0 . 0 0 1 
0 . 6 9 0 
0 . 0 0 1 
Si 
i 1 j ; 1 . 0 0 0 ; 0 . 7 6 9 
i ' 0 . 0 0 0 0 , 0 0 1 
0 . 7 8 3 0 . - 9 6 
O . O C i , 0 .O01 
0 . 6 2 1 
0 . 0 0 1 
vol i : , : 1 . 0 0 0 
£ i i ' ' • 
! • • • 0 . 0 0 0 
0 . 8 6 5 0 . 7 3 6 j 0 . 7 1 4 
0 . 0 0 1 0 . 0 0 1 i o.oor 
' • 1 . 0 0 0 • 0 . 8 4 9 1 0 . 8 0 9 
: • ; 1 0 . 0 0 0 0 . 0 0 1 i 0 . 0 0 1 
<si •' 
: 1 , i 1 . 0 0 0 
; j ; ! : 
! ' ! 0 . 0 0 0 
0 . 8 0 3 
0 . 0 0 1 
0 . 0 0 0 
0 . 1 9 1 i 0 . 1 4 7 
« ; 0 . 0 5 2 • 
0 . 1 2 6 I 0 . 1 6 7 ! 0 . 0 6 6 ; 0 . 0 0 4 1 0 . 1 1 8 . 0 . 0 7 7 0 . 1 0 6 
n ; | 0 . 0 9 0 ; 0 . O 3 1 0 . 0 1 4 i 0 , 0 4 4 i - 0 . 0 6 2 - 0 . 0 7 0 ; 0 . 0 1 1 ; - 0 . 0 3 8 0 . 0 2 1 
KN. 0 . 0 3 3 - 0 . 0 2 4 j - • 0 . 0 3 7 : - 0 . 0 1 3 1 - 0 . 1 0 5 : - 0 . 1 0 7 - 0 , 0 4 2 - 0 . 0 8 6 - 0 . 0 3 0 
0 . 0 0 8 , - 0 . 0 4 6 I - 0 , 0 5 7 ; - 0 . 0 3 7 | - 0 . 1 1 5 . - 0 , 1 2 3 ; - 0 . 0 e 3 - 0 . 1 0 5 - 0 . 0 5 5 
- 0 . 0 0 4 - 0 . 0 5 6 i - 0 . 0 6 6 1 - 0 , 0 4 8 •; - 0 . 1 1 7 . - 0 . 1 3 2 1 - 0 . 0 7 4 . - 0 . 1 1 3 . 0 . 0 6 9 
^ ; 0 . 0 1 1 - 0 . 0 0 6 . - 0 , 0 1 8 I - 0 . 0 4 4 I - 0 . 0 6 7 - 0 . 1 3 3 1 - 0 . 0 7 5 - 0 . 0 S 3 
i 0 . 0 1 9 ; 0 . 0 0 4 
3 
- 0 . 0 1 4 . - 0 , 0 3 1 : - 0 . P 4 6 j - 0 . 0 0 6 1 - 0 . 0 4 1 ; - 0 . 0 4 8 
0 . 6 2 4 I 0 . 6 1 2 " - 0 . 0 0 9 - 0 . 0 2 1 - 0 . 0 3 3 i - 0 . 0 7 2 1 - 0 . 0 2 0 - 0 . 0 2 4 
- 0 . 0 5 9 
- 0 , 0 2 5 
- 0 , 0 4 6 1 - 0 . 0 7 0 - 0 , 0 4 0 ; - 0 . 1 2 5 - 0 . 0 2 2 0 . 0 6 0 1 - 0 , 0 1 1 - 0 , 0 5 2 
i 
0 . 0 4 1 
0 . 1 8 2 
0 , 0 6 3 
o, ia i 
0 , 0 6 6 
0 , 1 6 4 
0,004 
0 . 2 1 8 0 , 1 4 2 
0 . 0 2 6 j 
0 , 0 1 4 i 0 . 1 3 6 0 . 1 3 3 0 , 0 8 8 
446 
OB * AGB ( 3 / 4 ) 
r p p 
mig. 
p p p 
a i r . 
p 
4 6 
f h l f h 2 f h 3 f l l 4 f h 5 f h 6 f h 7 f h S f h 9 
1 . 0 0 0 
0 . 0 0 0 
0 . 7 3 3 
o . o o i 
0 , 5 3 6 
0 , 0 0 1 
0 . 7 1 1 
0 , 0 0 1 
0 , 6 2 3 
0 , 0 0 1 
0 , 5 ^ 6 
0 , 0 0 
0 , 6 0 0 : 
0 , o n i ! 
0 , 6 4 2 
0 . 0 0 ' 
0 . 4 3 ° 0 . 4 5 6 
O.oni 
1 . 0 0 0 i 0 . 7 6 6 - ; 
! 
0 . 0 0 0 0 , 0 0 1 : 
0 . 7 4 9 j 0 . 6 7 3 1 
0 . 0 0 1 • 0 . 0 0 1 
0 . 6 0 4 
0 . 0 0 1 
0 , 3 6 ° 
O i O I S 
0 , 2 6 0 
0 , 0 8 1 
1 . 0 0 0 : 
0 , 0 0 0 • 
0 , 6 7 7 : 0 . 6 8 3 
o . o o i ' 0 . 0 0 1 
o , 6 0 5 | 
0 , 0 0 l ! 
0 . 5 3 6 
0 . 0 0 1 
0 . 3 3 4 
0 , 0 2 3 
0 . 2 7 4 
0 . 0 6 6 
1 , 0 0 0 , 0 , 7 4 1 
0 , 0 0 0 ! 0 . 0 0 1 . 
0 , 6 8 5 ! 
0 . 0 0 ^ 
0 , 6 4 ° 
0 . 0 0 1 
0 , 4 8 7 
0 . 0 0 1 
0 . 4 1 ? 
0 . 0 0 4 
1 , 0 0 0 I 
0 , 0 0 0 
0 , 7 3 7 
0 , 0 0 1 
0 , 7 0 3 
0 . 0 0 1 
0 , 4 6 2 
0 . 0 0 1 
0 . 4 1 4 
0 . 0 0 4 
1 . 0 0 0 j 
I 
0 . 0 0 0 -
0 . 6 0 9 
0 , 0 0 1 
0 , 4 8 7 
0 , 0 0 1 
0 . 3 9 9 
0 . 0 0 6 
V.I 
1 . 0 0 0 
0 . 0 0 0 
0 . 7 6 7 
0 . 0 0 1 
0 . 7 5 5 
0 . 0 0 1 
<oi i ; i : . 1 • '-ooo 
!' 0 . 0 0 0 
0 , 7 8 4 
O . O O f 
2 ' : ! I . ; i i • 
: . 1 j I i i j 
1 , 0 0 0 
0 , 0 0 0 
j 0 . 1 7 0 j 0 . 0 0 8 1 - 0 . 1 8 7 i - 0 , 0 5 ? ' - 0 . 0 5 6 - 0 . 0 3 8 i 0 . 1 7 5 0 . 2 7 0 
S ! ! ' i • • 
- - ; - - - ' - 0 , 0 7 0 
0 . 2 7 3 
0 . 0 6 8 
0 . 1 2 4 1 0 . 0 0 3 ; - 0 . 2 0 1 j - n . 0 8 i j - 0 . 0 ° 2 - 0 . 0 9 3 ; 0 . 1 6 6 ; 0 . 1 8 6 
i • i ' • • 
0 . 1 6 7 
m , 0 . 0 8 9 ' 0 . 0 0 3 : - 0 . 1 9 5 1 - 0 . 0 9 6 , - 0 , 1 0 7 . - 0 . 1 1 8 0 . 0 5 6 0 , 1 3 2 
— i —• — ' _ _ _ _ 
0 , 1 3 1 
: 0 . 0 6 9 1 0 . 0 0 5 j - 0 . 1 8 ? - ; ' - 0 . 1 0 3 i - 0 . 1 1 3 - 0 . 1 2 8 ' 0 . 0 3 5 0 . 1 0 3 
• ' ! . 1 ! ! 
0 . 1 0 2 
tfN 0 . 0 5 9 0 . 0 0 7 ; - 0 . 1 7 8 ; - 0 . 1 0 6 i - 0 . 1 1 5 - 0 . 1 3 1 i 0 . 0 2 6 O.OaO 
v i . ' 1 ' : ; • 
; ; I • . j 
0 . 0 8 8 
-< 
1 - 0 . 2 8 0 : - 0 . 1 8 1 . - 0 . 2 8 8 ! - 0 , 2 5 7 : - 0 . 2 5 0 - 0 . 2 9 6 1 - 0 . 3 1 6 - 0 . 2 4 0 
j •• • • ! ! • i ; 
; 0 . 0 6 0 f - 0 . 0 5 2 1 0 . 0 8 6 0 . 0 9 4 ' 0 . 0 4 4 ! 0 , 0 3 2 • -
- 0 . 3 7 4 
0 . 0 1 0 
CM 
•< 
, - 0 , 2 8 3 
0 . 0 5 8 
- 0 . 2 8 4 
0 . 0 5 6 
- 0 . 1 8 5 - 0 . 2 8 5 1 - 0 , 2 5 4 ; - 0 , 2 5 4 , - 0 , 3 0 9 
• ' ; i 
- i 0 . 0 5 6 ! 0 . 0 e 8 ! 0 , 0 8 8 : 0 , 0 3 7 
- 0 . 3 2 0 
0 . 0 3 0 
- 0 . 2 4 7 - 0 . 3 7 3 
0 . 0 1 0 
- 0 . 1 8 6 : - 0 , 2 7 9 - 0 , 2 4 7 - 0 . 2 " ; * : 
- 0 . 0 6 1 1 - '. 0 . 0 8 6 
- 0 , 3 1 7 
O . 0 3 2 
- 0 . ^ 2 1 
0 , 0 3 0 
- 0 . 2 5 2 
0 . 0 Q 2 
- 0 . 3 7 0 
0 . 0 1 3 
c 
.4 - 0 . 2 0 5 - 0 , 0 3 5 ' 0 . 0 5 8 i - 0 . 0 2 6 - 0 . 0 5 6 1 
- 0 . 1 1 " j - 0 , 3 3 0 , - 0 . 4 0 8 
- i 0 . 0 2 4 ! 0 . -004 
- 0 , 4 0 3 
0 . 0 0 6 
0 . 2 0 3 0 . 0 2 0 - 0 , 1 3 4 
• - 1 -
- 0 . 0 1 1 . - 0 . 0 0 0 
i 
' 1 
0 . 0 4 2 1 0 , 2 6 3 
1 0 . 0 8 0 
0 > 3 5 5 
0 . 0 1 5 
0 . 3 5 7 
0 , 0 1 4 1 
Appendix D,1 
448 
H = 2C7 
r = 0.99 
SWE ^ A~V3 ( 3 /4 ) ^ 
(Pehav, onlv) 












































































I H a t i t u 


















5.039 0 .007 j Constant 15,667 



























0 . 0 0 0 
4.564 
1.622 
5 .781 0.004 
A2 
HaMtu 




























2.039 0.155 Cruia 
0,256 0.005 4.558 3.538 0.0O8 







1.935 - Du5 -0791IO'" 0.234 -0.096 .0,008 0.000 4,552 1.929 5.879 0.003 
Du5 
Constant 42.578 




























































0,777 0.379 Crula 



















D'>5 j Conctant 66.689 
Constant j 66.5S3 65,927 
T « b l « B . I . T h e r a g r e a a l o n o f p i g n e n t a t l O D o n a g e a n d 
t h e b a h a r l o u p a l T a r l e b l a a . f l l t t r a n o . 1 , 5 a n d 9. 
P a r m a e t e r a p a c l f l e a t i o n a ( n , ? , T ) i ( l 4 , 0 . 0 1 , 0 . 9 9 ) f 
( 8 0 , 0 . 0 1 , 0 . 0 0 1 ) a n a ( 1 4 . 0 . 0 1 , 0 . 9 5 ) . r i n a l a t a p a . 
K a l a a a n d f a a a i « a a t p a r a t a . 
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j ?T = 7P 
1 T = 0.99 
SPA + A3PA (3 /4) J 
(Behav, only) 


















































Constant 26.207 32.085 
Al 
Crulanow 
C m l a 
Habitu 
Constant 
0.122 0.208 0,067 3.344 
0.208 0,04? 4,274 3,425 0.068 
1,413 0.037 4.362 0,105 
0.211 0.001 4.299 1.749 0,181 
-0.556 -0.032 2.003 0,077 
0.213 0,001 4.326 1,177 0.324 
34.139 
1.908 0.041 4.415 0,187 
0,228 0,002 4.386 1.974 0.122 
0.368 0.021 1,615 0.052 











Hablt i i 
Constant 
0.173 0.513 0.061 8.155 <0.010 
0.304 0.092 3,907 7.726 0.007 
?.?nO 0.133 1,812 1.474 
0.331 0.017 3.895 4.606 0.013 
2.320 0.065 3,946 0.346 
0.337 C.004 3,913 3,159 0.030 
56.721 
1.078 0.067 1.495 0.520 
0.245 0.004 4,047 3.492 0.034 
2,269 0.052 4.086 0.308 
0.251 0.003 4,060 2.416 0.070 
-2.327 -0.245 0.890 6.834 =0.010 
























0.067 7.792 <0.050 





_1,7 i7 -0.166 
0.378 0.025-
0.538 0.030 1.99? 























4,274 3.425 0.068 
4.388 0.130 








































T a b l e D . I . T h e p e g r e s B l o n o f p i g m e n t a t i o n o n a g e a n d 
t h e b e h a v l o u p a l T a r i a b l e s . T i D t e r i n o , 1 , 5 a n d 9. 
P a r a m e t e p s p e e i f i c a t i o n B ( n , ? , T ) : ( 1 4 , 0 , 0 1 , 0 . 9 9 ) t 
( 8 0 , 0 . 0 1 , 0 . 0 0 1 ) a n d ( 1 4 , 0 . 0 1 , 0 . 9 5 ) . P i n a l a t e p a . 




CP 4 ttr.v (5 /4) 
("ehav. or.l 










-0.371 -0,297 0.22? 














96 0 , 00 1 0 , 295 576 . 9 28 - 2 , 769 
0,295 0,087 4.388 2.769 0.107 
Constant i 36,701 
Habltu 
. Crula 
•i-S,643 -0.413 3.534 


























0.932 0.108 1.506 0.383 
0.120 0.014 4.410 0.511 0.480 
0,764 0,061 2.195 0.121 
0.134 0.004 4 ,467 .0 .310 0.736 




















f = 31 C-E 4 IC-r. 
p T: SE P P 
-0,3fiO -0.304 0,22" 2,75? 
0.280 0.079 4,78n 2.460 0. 127 
2,703 0.168 2.639 1.049 










915."91 0.282597.574 2,350 
. 0,295 0,067 4.388 2.769 0.107 
.o.-iOi 0.068 2.435 0. 138 
0.303 0.005 4,455 1,412 0.260 
36,784 
P u l p - ° . 2 ? ; -C.i4? 3.508 6,92° <O.OSC 
0,414 0.171 3.165 5.982 0,021 
1.72? 
0.54? 












O K C 
0.023 
0.013 
T a b l e D . I . T h e r e g r e s a i o n o f p i g m e n t a t i o n o n a g e a n d 
t h e b e h a v i o u r a l T a r i a b l e s . F i l t e r s n o . 1 , 5 a n d 9 . 
P a r a m e t e r s p e c i f i c a t i o n s ( n , P , T ) : ( 1 4 , 0 . 0 1 , 0 . 9 9 ) , 
( 8 0 , 0 . 0 1 , 0 . 0 0 1 ) a n d ( 1 4 , 0 . 0 1 , 0 . 9 5 ) . P i n a l s t e p s . 
H a l e s a n d f e m a l e s s e p a r a t e . 
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!r - 3 ' o 
7 = 0.09 
SW. + ASW? (3,/i) J 
fpehav, on ly) 
'.r = 364 
n Beta 










































4 .4 = 3 
1.941 




































2 0 . ! ° 7 
0 .050 
0.000 















































































E^TE ^ AS7 
Constant 52.823 66.136 
1 
! 'E Beta s: y. P 
p • " ? 
!>u;p 10,00? 0.44? 1.137 77.447 cO.OCI 
0.451 0.203 4.505 80.710 0.000 
Habitu -1,496 -0.091 0.835 3.266 _ 
0.459 0.008 4,490 42.227 0.000 
Crulanc- 1,631 O.'^fo 1,326 l.?^? _ 
O.T.f 0.005 4.4?3 28.883 0.000 
Cr-Jia 
Al -IO21IO'* -0.035 0.015 r .4-7 
r . 4 - f C.OCl 4.437 21.74 =; 0. '-'•OC 
Conste-.t 15.2-1 
l>.:\g 6.SIS 0,31? 1,14S 35.ISO <0.001 
0 . ' 1 r 0.101 4.^"2 35.735 O.OOC 
Habitu -1.f=35 -C.116 0.844 4.728 0.050 
0.338 0.013 4.556 20.387 o.occ 
C r j i s 0.217 0.02.- o . r? : _ 
0.335 0.000 4,562 13.607 O.OOC 
Cr-.5iP-now -0.151 -0.006 1,372 0.014 _ 
0.33? c .o r r 4.5-9 10. 177 0.000 
Co.-iEtart 19.149 
r>u;r - 5.33'- 0.2F2 i . ' - ' ^ l 26.34! 0.327 0. 10" 4.046 37.9"2 0.000 
H a t i t u -1,0?5 -0.C7V 0.727 2.230 _ 
0.397 0.00 ^  3.950 14.-3' 0.000 
Cruianow 1,834 0.082 l . l S i 2.46-' -
















T a b l e D . 1 . T h e r e g r e s s i o n o f p i g m e n t a t i o n o n a g e a n d 
t h e b e h a - T l o u r a l T a r i a b l e s , F i l t e r s n o , 1 , 5 a n d 9 . 
P a p a m e t e r a p e c i f i c a t i o n s ( n , P , T ) : ( 1 4 , 0 , 0 1 , 0 . 9 9 ) , 
( 8 0 , 0 . 0 1 , 0 . 0 0 1 ) a n d ( 1 4 , 0 . 0 1 , 0 . 9 5 ) . P i n a l a t e p s . 
H a l e a a n d f e m a ' ' e a s e p a r a t e . 
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T = O.c 
(3/4) J 
(^ehav. onj v ^ 







5.576 0,229 2.732 4.165 -0.050 
0.221 0,049 4.620 5.902 0.052 
-1.379 -0.103 1.510 0.834 
0,244 0.011 4.625 2.364 0.101 
54.136 
3.006 0.141 1.996 2.268 
0,250 0.019 5.010 2,109 0,105 
-2.474 -0,176 1.509 5.571 
0.145 0,021 5,050 2.459 0.120 
1.279 0.091 1.J26 0.930 







6.533 0,237 3,105 4.45? ^0.050 
0.255 0.055 5,217 4,458 0,038 
|-897,525 -0.105 957.889 0.878 
.0.257 0.011 5.221 2.647 0.078 
0.633 0.047 1.513 0.175 
0.261 0.002 5.250 1,804 0,154 
1.956 0,084 2.214 0.781 





1,123 0.073 1.471 0.583 
0,125 0,008 5,552 0,907 0.407 
-1.721 -0.11? 1,45?- 1.405 
0,090 0.008 5.549 0.941 0.334 
40.356 
3.508 0.175 2.265 2.405 
0.169 0.029 5.844 2.250 0.140 
124x10"'' 0.126 0,000 1.258 
0.210 0,016 5.858 1.737 0,183 
0,378 0.0?? 1.597 0.056 
0.179 0.001 4.009 l.?45 0.?97 
! Cruia 
I Constant 62.559 
-1.531. -0.13S 1.048 2. 136 
0.111 0.012 4 ,014 1,424 C.235 
1.524 0.137 1.061 2.061 
0,178 0,-019 3,992 1,856 0.161 
63,500 
H = 78 S?i 4 AS.-


































































































T a b l e D . I . T h e r e g r e s s i o n o f p i g m e n t a t i o n o n a g e a n d 
t h e b e h a r i o u r a l T a r i a b l e s . F i U e r s n o . 1 , 5 a n d 9. 
P a r a m e t e r a p e c l f I c a t i o n a ( n , T , T ) i ( 1 4 , 0 . 0 1 , 0 . 9 9 ) , 
( 8 0 , 0 . 0 1 , 0 . 0 0 1 ) a n d ( 1 4 , 0 . 0 1 , 0 . 9 5 ) . F i n a l a t e p a . 






(3 /4 ) o 







I h i i n 
Constant 
-?.86? -0,?36 1,801 2,526 
0,236 0,05*^ 5,342 2,5?6 0,119 
39,750 
-5.700 -0.514 1.7?1 4.524 <0.050 , 
0,?85 0.081 5,242 4,056 0,050 ' 
1.561 0.1?5 1,851 0,704 - i 
0,309 0.014 5 . ?5° 2.367 0.105 • 
40.103 
HaMtu '• -1.713 -0.152 1.701 1.014 
I 0.152 0.0?3 5.047 1.014 0.320 
Cr-JlB I 
T>ulp j 
Constant j 43,5?5 
BUI 8.51x10"' 0,175 0,007 1.562 
: 0,165 0,034 5,?15 1,533 0.2?? 
Cr.;la,iow , -?,3=9 - 0 . 155 2,3?9 1,061 
0,?41 0,0?4 3,213 1.25-3 0,264 
(^rnstant 62,779 
-2,02? -0.165 1.647 1.507 
0.167 0,028 4.994 1.516 0.257 
0.910 0.077 1,782 0.261 
0,133 0,006 5.055 0.778 0.455 
45.528 
-2.524 - O . l R i 2,304 1,?00 
0,288 0.025 3,143 1.323 0.279 
-1,46? -0.?14 1,034 ?.053 
0.196 0.039 3.146 1.674 0.176 
1.179 0.158 1.118 1.111 
0.?40 0.019 3.150 1.J78 0.253 
65.416 















-2,935 -0,242 1.636 2.555 






1, ?8? 0.?8 = 
-1,5?'i -0.140 1.755 0.615 
C.152 0.C23 5.047 ' .014 0.320 
?.535 0.056 7,009 0,131 







0,175 0,007 1,552 









T a b l e D . 1 . T h e r e g r e s s i o n o f p i g m e n t a t i o n o n a g e a n d 
t h e b e h a r i o u r a l T a r i a b l e s . F i l t e r a n o . 1 , 5 a n d 9 . 
P a r a m e t e r a p e c i f i e a t l o n s ( n , F , T ) : ( 1 4 , 0 . 0 1 , 0 . 9 9 ) , 
( 8 0 , 0 . 0 1 , 0 . 0 0 1 ) a n d ( 1 4 , 0 . 0 1 , 0 . 9 5 ) . F i n a l a t e p a . 
H a l e s a n d f e m a i e a a e p a r a t e . 
454 
0.99 
(3 /4 ) 
(r-ehav. or.ly) 
5 = 211 SWE 4 i S -
= 0.95 












































































Constant ?7.187 29.186 -














































































! Constant 38.245 35.002 i 































































































































































































12.644 c o o c 
Fewhet 
•Constant 65.240 
T a b l e D . I . T h e r e g r e s s i o n o f p i g m e n t a t i o n o n a g e a n d 
t h e b e h a v i o u r a l v a r i a b l e s . F i l t e r s n o . 1 , 5 a n d 9 , 
P a r a m e t e r s p e c i f i c a t i o n s ( n , F , T ) : ( 1 4 , 0 . 0 1 , 0 . 9 9 ) , 
( 8 0 , 0 . 0 1 , 0 . 0 0 1 ) a n d ( 1 4 , 0 , 0 1 , 0 . 9 5 ) . P i n a l s t e p s . 
H a l e s a n d f e m a l e s s e p a r a t e . 
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101 SPA + ASPA 
Hewhat 
W i g 
Cr fh 
H a b i t f 
Crfhnow 




B f l n 
H a b l t f 





I Bf I g 
i 
; WewhEt 
; H a b l t f 
i 
I Crfhnow 


























-0,197 -0.257 0.073 
0.242 0.058 5,372 
-53.577 -0.171 29,910 

































































































-0.365- -0,069 1.229 0.495 .._ 
0.041 0.002 5.452 0.175 0.676 
1.316 0,060 2.156 0.373 _ 
0.073 0,004 5.468 0.285 0.753 
1,034 C.040 ' .596 0.159 _ 
0.110 6.007 5.4 •'5 0.426 0.735 
-2 .0-7 - 0 . V 1.194 3.027 







1 F ^ 10 
T = 0.055 
SPA ASFi 
i -
j ^ ?c'.= 
S~ 
SE - r ? 



















































4.537 c o i o 














































1. '30 0.187 









T a b l e D . 1 . T h e p e g r e a s l o n o f p i g m e n t a t i o n o n a g e a n d 
t h e b e h a r i o u p a l T a r i a b l e a . F i l t e r a n o . 1 , 5 a n d 9. 
P a r a a e t e p a p e e i f i c a t i o n a ( n , P , T ) : ( 1 4 , 0 . 0 1 , 0 . 9 9 ) , 
( 8 0 , 0 . 0 1 , 0 . 0 0 1 ) a n d ( 1 4 , 0 . 0 1 , 0 . 9 5 ) . P i n a l a t e p a . 
H a l e a a n d f ema '<ea a e p a p a t e . 
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N = 3? P 4 AGF (3,''4) r, S = 32 CB 4 iZ-S 
_ 0.9; 
0.5- iBehav, on^v \ 
•D Beta SB V P E Beta SE P ! E Beta SE y F 
' ? R SE V P • P SE P F 1 ' S_, P 
A l i -0.29? -0.556 0.144 4,079 Al -0.296 -C.341 0. 142 4,315 <0."5'" 
• 0.346 0.120 3.210 4,065 0.05? 0,346 0.120 5.210 4,085 0,05? 
;H«bl t f ! - 1 . ° 0 9 -0 .?79 1.15" 2.B0° - 1 . 4 ° 6 -0,235 1,106 1,830 Habi t f -2.221 -0.325 1.146 3,759 -
j 0.445 0.078 5,115 3,570 0.041 0.248 0,06? 3.154 2,234 0.144 0.445 0.078 3 . l i s 3.570 0.041 
j c r f h 1 - 1 , 5 2 8 -0,201 1.296 1,590 Cr fh 
0.307 O.P55 3.146 1,717 0.195 
: Crfhnow 3,41? 0.?47 2,341 2,124 Crfhnow 3,12:' 0. ?2" ?.2;'0 1.663 -
0.566 0.057 3,055 1,694 0.150 0.496 0.050 3.07? 3. •072 0.0.'. 
} Newhat -0 .7°5 -0.121 1.115 0.510 - Newhat 
0.406 0,014 3,117 1.526 0.215 
Constant 34.367 ?R.246 Constant 34.451 
11 -0.556 -0.414 0,215 6.336 <;0.050 Al -0.535 -0.413 0,217 6,10? <o.05-: 
0.4?1 0.-177 4,659 6.457 . 0,017 0.421 0.177 4,639 6,457 0.01' ' 
H a b i t f -2 .071 -0.205 1.680 1,519 _ -1.332 -0.156 1.809 0,542 _ Habl t f - l . o f O -0.194 1.743 1,291 -
0 .467 0.041 4,599 4,044 0.0?8 0 , 1 8 6 0,035 4,938 1,217 0,278 0.467 0.041 4,500 4.044 0.02= 
C r f h -0,538 -0.054 2.JT9 0.091 _ Crfh 
0,200 0.006 4. •'96 0.690 0.505 
Crfhnow -0,870 -0,041 3,52= 0.052 Crfhnow -0.916 -0.045 3,485 0.06? -
0.205 0.002 5,071 0.466 0.708 0.46? 0.00? 4,675 2.633 O.o-? 
Kewhat -1.467 -0.146 1,820 0.667 _ Newhet 






j D f i n -254.372 -0 .17< 3!7.402 0.6^7 _ 
D f i n i -246.040 -0.1S2?43,945 1,017 - 0.173 C.03C 3.227 0.929 0.3.'-3 1 0.175 0,030 5.227 0.02° 0,343 
Al 0.116 0.142 0,154 0.56- -Al i C. 134 0.162 0.150 0,802 - i 0.237 O.o?-' 3,236 0,653 i C. 237 0.026 3, ?3B 0,563 0.433 1 
• H a b l t f 
i c r f h 
•Crfhnow 
i Fewhat 
! Constant 60,781 
-1,160 -0 .16 ; 1,164 0.594 -0,120 0.014 3,220 0,494 0.487 
0.552 0.073 1.364 0,154 _ 
D.154 0,01c 3.25? 0.403 0,67? 
0.261 0,01? -•.464 0.011 _ 
0,156 0,000 3,302 0.265 0,850 
i . ' : 5 0.213 1.17? 1.418 -




Sewha' 0.-;i 0.113 
0.262 0.01? 
Constant I 60.613 
l.?41 0.367 
3.P74 0.-^65 0.5"^ 
T a b l e D . I . T h e r e g r e s s i o n o f p i g m e n t a t i o n o n a g e a n d 
t h e b e h a r l o u r a l T a r i a b l e s . F l l t s r a n o . 1 , 5 a n d 9 . 
P a r a m e t e r a p e e l f i c a t i o n s ( n , F , T ) i ( 1 4 , 0 . 0 1 , 0 . 9 9 ) , 
( 8 0 , 0 . 0 1 , 0 . 0 0 1 ) a n d ( 1 4 , 0 . 0 1 , 0 . 9 5 ) . F i n a l a t e p a . 
B a l e s a n d f e m a l e s s e p a r a t e . 
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n = 32-' * AST:: (TA) ? r -= 3; ' ' fJ = 327 SWE ASITE 
T = 0 . O Q '3ehav. only ) •1 _ r .9^ 
r Bete P - Bete SE r P p Beta 5E p P 
1 
) 3 H SE p P K t SE p r R R SE P 
j Al 932 30"* -0 .346 0.014 44.115 <0.001 Al -0.107 —^t 30-? 0.014 60.544 <c.oo-
0.344 0.119 4,334 43.668 0.000 0.344 0.11? 4.334 43.658 O.OOf 
;Hab i t f -1,087 -0 ,071 0,705 1,870 -0.757 -0.053 0.780 0.942 - Hablt f -0.844 -0,055 0.775 1.186 -
0,351 0.005 4.328 22.827 0.000 0.046 0.002 4.714 0.706 0.402 0.438 0.003 4.162 25.566 coof" 
i Crfh _ 0.666 0.068 0.545 1.495 _ Crfh 0. 269 0.030 0.467 0.353 -
0;053 0.003 4.715 0.571 0.566 0.439 0.001 4.167 19.225 
Crfhnow -2.036 -0.176 0.631 10.411 <C.010 Crfhnor 
0.191 0.033 4.646 4.231 0.006 
j Fewhat -0,390 -0.041 0.512 0.579 - Newhat 
0.195 0.002 4.645 3.314 0.011 
j Bf I g BflfT 3.662 0.269 0.696 27.551 
'O.OC-
0.435 0.071 4.163 37.626 0.000 
•'.Constant 33.214 30.809 Constant 25,739 
j Al ..-0.107 -0 .363 0.015 49,233 <0.001 Al -0.118 -0.403 0.015 61.103 <0.0Ol 
0.362 0,131 4,691 48.917 0.000 0.362 0.131 4.691 48.917 0.000 
; Hab l t f -0.958 -0,056 0.861 1.236 - -0.792 -0,052 0.895 - Habit f -0.815 -0,04? 0.852 0.914 
0.366 0.003 4.690 25.095 0.000 0.043 0,002 5.067 0.620 0.432 0,422 0,002 4.583 17.444 0.000 
, Crfh 0.812 0.077 0.585 1.929 - Crfh 0.530 0,051 0.535 0.979 -
0.062 0.002 5.070 0.647 0.524 0.41? 0.002 4.582 22.960 0.00" 
Crfhnow -2,194 -0.17S 0.678 10.463 <0.010 Crfhnow 
0,194 0.034 4,991 4.369 0.005 
• 5ewhat -0.513 -0.051 0.550 0.871 -• Bewhat 
0.200 0.003 4.992 3.493 o.ooa 
•?flg Bf lg - 3.133 0.211 0.767 16.663 <O.OCI 
0.417 0.043 4,561 34.002 0.000 
Constant 
1 
39.607 36,982 Constant 33.164 
: Al -567iiO"* -0;254 0.012, 22.314 «0.001 Al -601110"'' -0.26? 0.012 23.°06 »o.o--•• 
0.254 0,064 3,699 22.342 0.000 0.254 0.054 3.699 22.342 CO-": 
Hab l t f -0.171 -0.014 0.630 0.063 Habi t f -0.206 -0.016 0.691 
0.254 0.060 3.704 11.170 0.000 0.285 0.000 3.689 5.663 0.00: 
Crfh 0.401 0.050 0.439 0.834 - Crfh 0.171 0.021 0.431 0.157 -
0.029 0.001 3.536 0.281 0.507 0.264 0.000 3.663 7.077 o.oor 
Crfhnow -1.256 -0.135 0.518 5.803 <0.050 Crfhnow 
0.129 0.016 3.611 2.831 0.060 . 
Newhat 0.366 0.046 0.420 0.760 - Rewhat 
0.137 0.002 3.812 2,139 0.095 
B f l g Df i f t 1.407 0.125 0.622 5.125 cO.O;--
0.275 0.013 3.678 13.636 0.00c 
Bf5 
j 
Iif5 -655i10' ' ' -0.056 O.COC 1.025 -
0.264 0.005 3.678 5.419 '0.100 
Constant j 66.066 64.335 Constant 63.248 
T a b l e D . I . T h e r e g r e s s i o n o f p i g m e n t a t i o n o n a g e a n d 
t h e b e h a-Tioural • a r i a b l e s , P i l t e r a n o . 1 , 5 a n d 9 . 
P a p a m e t e r a p e c i f i c a t i o n a ( n , P , T ) : ( 1 4 , 0 . 0 1 , 0 , 9 9 ) , 
( 8 0 , 0 , 0 1 , 0 . 0 0 1 ) a n d ( 1 4 , 0 . 0 1 , 0 . 9 5 ) . P i n a l a t e p a . 
H a l e s a n d f e m a l e s s e p a r a t e . 
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C r f h 
• A? 
. Hab l t f 
i Crfhnow 
-; Df l e 
Constant 
i 
i Cr fh 
Pewhat 
A' 














! 1.190 . 0.150 
i 0.129 0,017 
; -1,210 -0,078 
0,152 0.006 
i-118xl0"' ' -0.014 


































(3 /4 ) 





































































































fi = 105 SPA 4 A.~rA 
? = 3,95 
p. Beta p P 
p SE p F 
Df 1 60? l l0 ' ' 0.21? 0,00? 4.5?6 <0.050 
0,191 0,0?7 4,040 5.906 0.051 
Habl t f 
Cr fh 1.0?5 0,121 0.851 1.4 55 
0.??5 0.014 4,030 ?.721 0.071 
Crfhnow 
Rewhet 0,??4 0.016 1.430 0.0?7 _ 
0.?26 0.000 4.049 1.606 0.151 
Constant 21.66? 
Newhat -2.860 -0,187 1.485 3.595 _ 
0,145 0,021 4.261 2.206 0.141 
Crfh 1,651 0,16? 0.683 5.498 -
0,287 0,0?2 4.186 5.020 0.033 
A? 
Habl t f 
Orfhnow 
E f l g 1.757 0.217 0.606 4.733 <0,050 
0.225 0,0?0 4.235 2.715 0,071 
Constant 28,407 
Cr fh 1.485 0.162 0.913 2.646 _ 
0.129 0.017 4.354 1.755 0. 186 
Newhat -1.606 -0.10? 1.533 1.097 _ 
0,213 0.010 4.342 1.601 0.194 
A? 
Habl t f 
Crfhnow 
Df 1 468x10"' 0.155 0.003 2.366 _ 
0,187 0.016 4.344 1.851 0.162 
Constant 57,451 
T a b l e D . 1 . T h e r e g r e s s i o n o f p i g m e n t a t i o n o n a g e a n d 
t h e b e h a v i o u r a l v a r i a b l e s . P i l t e r a n o . 1 , 5 a n d 9 . 
P a r a m e t e r a p e c i f i c a t i o n s ( n , P , T ) i ( 1 4 , 0 . 0 1 , 0 . 9 9 ) , 
( 8 0 , 0 . 0 1 , 0 . 0 0 1 ) a n d ( 1 4 , 0 . 0 1 , 0 . 9 5 ) . F i n a l s t e p s . 
H a l e s a n d f e m a i a a s e p a r a t e . 
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K = 46 
? = 0.9= 
G? 4 AGF (3 /4 ) 
(Febav. only 









































































• Constant 29,794 31.671 
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• Constant 35.657 36.421 
D f l n -954.250 
0.403 



















































F = 46 GB 4 AG? 
? = 0 95 
I 
i B Bete SE y P 
i R H SB p P 
A3 ; - i34xio" ' -0,275 0.000 3.476 _ 
0,264 0,0=0 3,505 3.844 0.05f 
Df 1 ' 757x10"' 0.148 0,006 0.980 -
; 0,320 0.022 5.303 2.450 0.096 
Newhat -0.537 -0,094 0,998 0.407 -
0.335 0,010 3.324 1.767 0. 166 
Habltr 
Crf h -o.3-'0 -0,054 1.020 0.13? -
0.339 0,003 5.35? 1,331 0,2''5 
Crfhnow 
Constant 30,025 
A5 '-144x10' ' -0.250 O.OOC 2.607 _ 
0,256 0.066 3.946 3.085 0,066 
Df3 -10 
-125x10 
-0.082 0.000 0 ,2°6 -
0,270 0.008 3.978 1.693 0,195 
Habi t f 
Crfhnow 
Crfh 
Newhat -0,290 -0.036 1.195 0.056 -
0.275 0.001 4.02? 1,124 0.350 
Constant 36.791 
D f l n -949,445 -0.403 33B.416 7.871 «n.oio 
0,403 0.15? 2.881 8,539 0.006 
Newhat 0.54 1 0.104 0.832 0.525 -
0.414 0.009 2.69= 4.442 0.016 
Habi t f 0.414 0.05? 1.003 0.170 -0.430 0.003 2.944 2,325 0,07? 
Crfh 
Crfhnow 0.64 = C. 100 0. 0.468 
0.426 0.010 2.915 3.104 0.037 
Constant 68,435 
T a b l e D . 1 . T h e r e g r e s s i o n o f p i g m e n t a t i o n o n a g e a n d 
t h e b e h a v i o u r a l v a r i a b l e s . F i l t e r a n o . 1 , 5 a n d 9. 
P a r a m e t e r s p e c i f i c a t i o n s ( n , F , T ) i ( 1 4 , 0 . 0 1 , 0 . 9 9 ) , 
( 8 0 , 0 . 0 1 , 0 . 0 0 1 ) a n d ( 1 4 , 0 . 0 1 , 0 . 9 5 ) . F i n a l a t e p a . 
H a l e s a n d f e m a l e s s e p a r a t e . 
A p p e n d i x 0,2 
461 
Because o f i t s extreme l e n g t h ( l 0 8 pages), I decided 
t o suppress t a b l e D.2 from t h e main body o f the t h e s i s , 
Separate copies o f i t w i l l be a v a i l a b l e , hov/ever, i n 
t h e Department o f Anthropology a t t h e U n i v e r s i t y of 
Durham. 
A p p e n d i x E 
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APPEffDIX E. Populations analysed I c the text. 
B a l l l Bloxigh Sunderland et a l . 1973 
(HarrlBonl Harrison ft Owen, 1964 
Belgians I IB Leguebe, 1977 
Belgians I I I n Le^uebe 1977 
Belgians I I I Rljn-Toumel, 1966 
Blne-ejed Robins, 1973 
Brown-eyefl — 1 , — 
Brueeela I n Leguebe, 1977 
B r u x e l l e s T*guebe, 1961 
Carnew Sxinderland et a ) . 1°73 
Chechen Sunderland, 1967 
Durham Pemindes 
Ihjtch R l g t e r s - A r i s , 1972/3 
Buropeens fron 
C a l c u t t a Euchl, 1957/6 
Europeene from 
Li r e r p o o l Harrison * Owen, 1964 
Europeans f r o B 
London Bernicot, 1956 
f ^ r o r e a n B from 
Maine OJDnitu, 1965 
European aethers T l w a r i , 1963 
Indo-European 
c h i l d r e n — , , -




Ian Smith * Mitchell, 1973 
Merthyr T y d f i l 
B. S o r t h u B b e r l a n d 
?B1 B s t l n s 
Porto Alegre 
Rossmore 








Harrison et a l , 1967 
Sunderland et al .1973 
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